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Abstract 
This study explores the mathematical programming aspects of the air cargo fleet 
assignment problem for one international air cargo carrier - Korean Air - under 
given origin-destination (O-D) pairs, departure and arrival times, and frequencies. 
A pure cargo service is taken as the basis for this study, since such a service is not 
constrained by passenger route determinants and the schedule of a combination air 
carrier. 
The objectives of the study include: to identify the pure air cargo network 
representation of the combination air carriers; to develop and solve a conventional 
branch-and-bound mathematical programming model for optimising the 
assignment of aircraft to flight routes given a set of constraints, including aircraft 
fleet size, schedule balance, and `required through' constraints; to develop and 
solve the fleet assignment problem using a novel neural network optimisation 
modelling approach; to investigate methods of implementing the neural network 
model, and to analyse the performance of the model when compared with 
conventional solution methods; and finally to analyse the utility of the neural 
network model and identify how it may be used in the design and development of 
air cargo networks for combination air carriers like Korean Air. 
There are four main parts to the thesis: the first part outlines the schedule design 
process of an airline and some details of the fleet assignment problem are 
reviewed. The air cargo flight network is represented and the fleet assignment 
problem is formulated as a mixed integer programming problem of cost 
minimisation with various constraints. The complexity of the problem is discussed; 
the second part outlines the various techniques available to solve optimisation 
problems and neural network models are presented and discussed as a promising 
alternative solution method. Neural network applications in the transport field are 
reviewed and the neural network process for optimisation and for solving the 
general assignment problem are studied and presented; the third part incorporates 
the practical application of both the conventional fleet assignment problem solving 
method and the proposed neural network method to a combination airline's case - 
Korean Air. The detailed process of constructing a time line network and 
formulating a mathematical programming model are described and equivalent 
neural network models are formulated. The results from the two solution 
approaches are compared and evaluated; and the final part summarises the main 
findings, presents the significant conclusions, the contribution of the research is 
discussed and some recommendations for further research are presented. 
Overall, the conventional branch-and-bound optimisation model yielded 
plausible results which were demonstrably superior to those produced using the 
novel neural network optimisation models. 
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Chapter 1 
Introduction 
1.1 Air Transport and Air Cargo 
As the activities of many companies become increasingly global and just- 
in-time concepts are becoming more universal, the amount of goods carried by air 
is increasing continuously. Statistics show that air cargo traffic has been growing 
faster than passenger traffic in most regions of the world for several decades. Air 
freight is playing an ever-increasing role in the distribution systems of many 
companies, which have recognised that the higher line-haul costs of air service can 
be offset by lower inventory, warehousing, and packaging costs. 
The world air cargo market is made up of scheduled and charter freight, 
express and small package transport and mail. Scheduled freight is the dominant 
component of air cargo, and non-U. S. airlines carry about two-thirds of air cargo 
traffic (Boeing Commercial Airplane Group, 1995). Though the amount of freight 
carried by express carriers - integrators like DHL and UPS - is growing rapidly, the 
significant amount of air cargo is still carried by combination air carriers, and this 
trend is expected to continue for several decades. Shaw (1993) states the 
importance of air cargo thus: "No airline can be successful unless it gives the 
fullest possible attention to the freight side of its activities". 
Some long haul combination carriers now earn more than 50% of their 
revenue from cargo operations, using a mix of dedicated freighter, combi (aircraft 
sharing main deck space between passengers and cargo), and belly hold capacity 
(Caves and Gosling, 1999). However, while the market may grow, the yield from 
this activity is under constant pressure, reflecting productivity efficiencies and 
intense competition, reducing by about 2.5% per year. Air cargo carriers therefore 
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seek constantly to streamline their operations, look for and develop new products 
and become more cost effective (Lobo and Zairi, 1999). 
However, historically, discussion of air transport has been dominated by 
passenger concerns, rather than air freight issues, in part because air freight has 
often been considered a by-product of air passenger services (Murphy, et. al., 
1989). There is also a large volume of work on the evolution of hub-and-spoke 
systems, especially following the deregulation of the airline industry in the US, and 
more recently in the European Union (Reynolds-Feighan, 1994; Kuby and Gray, 
1993; Huston and Butler, 1991). Much of this focuses on aspects such as network 
structures, fare determination, flight scheduling and other aspects of hubbing 
largely from the perspective of the carriers and often from the perspective of a 
single market or passengers. 
On the other hand, some work has been undertaken on express air cargo 
transport, including the cost structures of the integrated carriers (Kiesling et al., 
1993), spatial patterns and network design problems (Chestler, 1985; Kuby et al., 
1993; Hall, 1989), and pickup and delivery systems (Hall, 1996; Kim, 1997). Very 
few studies have examined the cargo component of the combination air carriers. 
For example, DeLorme et al. (1992) have devised a simulation model of a 
combination carrier's operations at a hub airport; the problem of scheduling 
transhipment operations problem for KLM has been examined by Verwijmeren, et 
al. (1993); and Kasilingam (1996) has compared air cargo revenue management 
and passenger yield management. 
1.2 Aim of This Research 
In the highly competitive air cargo market, especially competition from the 
integrator carriers, combination air carriers need to adapt continuously to a rapidly 
changing environment, and to improve their level of service and the productivity of 
their cargo operations. Perhaps surprisingly, many air freight carriers design their 
cargo network manually rather than relying on computerisation because the number 
of freighter aircraft is relatively small and their operation is often restricted by the 
operation of passenger aircraft. This study attempts to devise a computer-based 
2 
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modelling methodology to support the freight network optimisation for a 
combination air carrier. A primary motivation for the research is the feeling that 
more careful attention must be paid to the design of an air cargo network to 
increase cargo yield, not as a subsidy to the passenger transport side but as a very 
important part of the combination airlines' operations overall. Among the new 
emerging technologies, this research has been attracted to the potential offered by 
neural network approaches as many previous researchers have reported advantages 
of using such methods in various real world problems, especially in addressing 
optimisation problems (Cichocki, 1993; Wang, 1996; Schaller, 1998). 
Though a hub and spoke structure of an airline network has been popular 
both within the US domestic market and the international market, the reasons for 
such a network structure are different. As international carriers can operate their 
aircraft only with the consent of the governments involved, national governments 
negotiate on a bilateral basis and draw up air service agreements specifying the 
routes that designated airlines from each of the two countries can fly. As a result, 
national airlines have tended to operate the vast majority of their international 
routes to and from their home country, in and out of their main hubs, usually 
located in their capital or largest industrial cities. 
In many hub and spoke airline planning contexts, the assignment of aircraft 
to routes follows the determination of. (1) which cities to serve, (2) the frequency 
of service between the hub and each of the other cities, (3) the desired departure 
and arrival times into and out of the hub for each route by aircraft type, and (4) the 
cost and potential profit associated with assigning each route to each different type 
of aircraft in the fleet. For international carriers, many of these decisions are 
heavily constrained by bilateral agreements, the availability of gate spaces at 
foreign airports, airport curfews and operating regulations, and so on (Daskin and 
Panayotopoulos, 1989). 
Among these activities, the process of fleet assignment within an airline 
seeks to maximise profitability while at the same time providing a flyable schedule 
which complies with a large number of marketing and operational requirements. 
3 
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Such an objective may be achieved both by increasing revenue and/or by reducing 
costs. 
The overall aim of this study is to explore the air cargo fleet assignment 
problem for one international air cargo carrier - Korean Air - under given origin- 
destination (O-D) pairs, departure and arrival times, and frequencies by using 
mathematical programming solution methods and a neural network method. A pure 
cargo service is taken as the basis for this study, since such a service is not 
constrained by passenger route determinants and the schedule of a combination air 
carrier. 
Given a flight schedule - which consists of a set of flight segments with 
specified departure and arrival times, and a set of aircraft - the solution to the fleet 
assignment problem is to determine which aircraft type should fly each flight 
segment to minimise operating costs and/or to maximise profit. This model based 
solution assigns fleet types rather than individual aircraft to each flight leg. 
1.3 Objectives of the Research 
The objectives of this study can be stated as follows: 
1) To identify the pure air cargo network representation of the combination air 
carriers; 
2) To develop and solve the fleet assignment problem using a mathematical 
programming model with an objective function of profit maximisation or cost 
minimisation given a set of constraints, including aircraft fleet size, schedule 
balance, and `required through' constraints; 
3) To develop and solve the fleet assignment problem using a novel neural network 
modelling approach, including: 
- the formulation of an energy function incorporating the objective function and 
constraints of the optimisation problem; 
- the derivation of a dynamic equation for the neural network based on the 
energy function; 
4 
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- the determination of the architecture of the neural network model in terms of 
neurons and connections based on the derived dynamic equation; and 
- the simulation and testing of the performance of the neural network model; 
4) To investigate methods of implementing the neural network model, and to 
analyse the performance of the model when compared with conventional 
solution methods; and finally 
5) To analyse the utility of the neural network model and identify how it may be 
used in the design and development of air cargo networks for combination air 
carriers. 
1.4 Structure of the research 
The overall approach to the structure of the research reported here is shown 
in Figure 1. There are four main parts, as follows; 
Chapter 2 reviews the fleet assignment problem. The air cargo flight 
network - which is somewhat different from a passenger flight network - is 
represented and the fleet assignment problem is formulated as a mixed integer 
programming problem of cost minimisation with various constraints. The 
complexity of the problem is discussed. 
Chapter 3 outlines the various techniques available to solve optimisation 
problems and neural network models are presented and discussed as a promising 
alternative solution method. Neural network applications in the transport field are 
reviewed and the neural network process for optimisation and for solving the 
general assignment problem are studied and presented. 
Chapter 4 incorporates the practical application of both the conventional 
fleet assignment problem solving method and the proposed neural network method 
to the pure cargo element of a combination airline's case - Korean Air. The detailed 
process of constructing a time line network and formulating a mathematical 
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programming model are described and equivalent neural network models are 
formulated. The results from the two solution approaches are compared and 
evaluated. Figure 2 presents the approach taken to the solution process of the pure 
air cargo fleet assignment problem. 
Chapter 5 summarises the main findings, presents the significant 
conclusions and discusses the contributions of the research. Finally, some 
recommendations for further research are presented. 
Objectives 
- Representing air cargo networks 
- Developing & solving air cargo fleet assignment model 
- Solving the problem using a neural network model 
- Investigating neural network implementing methods 
- Analysing the utility of neural network methods 
Chapter 2 
- Air cargo network representation 
- Fleet assignment model 
- Complexity of the fleet 
assignment problem 
Chapter 3 
Problem solving methods 
- Neural Network: 
Hopfield network 
Optimisation 
General assignment problem 
Chapter 4 
- Case study of Korean Air pure cargo 
" Data preprocessing - aggregation 
" Model formulation 
- Neural network model 
- Evaluation 
Chapter 5 
Conclusions 
Figure 1 Structure of research 
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Analysis of Air Cargo Fleet Assignment 
Problem 
2.1 Introduction 
This chapter discusses the fleet assignment problem for pure air cargo 
operations of combination carriers. For combination airlines, passenger and cargo 
operations share many common resources such as aircraft, crew and personnel, 
maintenance facilities, etc., so the cargo schedule is often highly affected by the 
passenger schedule. With the constraints associated with the passenger flight 
schedule, demand constraints for cargo (such as evening collection of 
consignments from origins and morning deliveries at destinations) and airport 
constraints (such as night flight, and slot restrictions), as well as aircraft restrictions 
(such as noise controls), there is little room for manoeuvre in the cargo flight 
schedule. 
Previous research has shown that most discussions on airline schedule 
design problems have been based on passenger flights. Since this study concerns 
air cargo transport, it is necessary to review the structure of the international pure 
air cargo network, which is quite different from a passenger network structure. A 
basic fleet assignment model is then formulated and important factors which need 
to be considered as variables when building the model are identified. 
2.2 Fleet Assignment in the Airline Schedule Design Process 
For airlines, designing a schedule is one of the most important and complex 
tasks that has to be finalised before the start of commercial operations of their 
aircraft fleet. When designing an airline schedule, schedule planners have to 
consider not only a variety of factors such as passenger or cargo demand on a 
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certain route and the airline's economic interests but also a number of operational 
constraints. Constructing a schedule for an airline network is by nature a 
combinatorial problem given the large number of possible alternatives, and 
optimisation of the flight schedule is central to finding the most efficient and 
effective deployment of an airline's principal resources - its aircraft fleet. 
Airline scheduling is of critical importance to the airline for both marketing 
as well as cost reasons. On the cost side, improper scheduling can result in the need 
for more aircraft and ground-side crews, more gates at airports, and low fleet 
utilisation resulting in high capital costs. On the marketing side, improper 
scheduling can result in a competitor taking market share with more attractively 
scheduled airline services. Scheduling which is too tight can result in flight delays 
and missed connections, lowering the marketing power of the carrier. On the other 
hand schedules with too much slack in them result in higher costs. The airline 
scheduler has a challenging problem in finding the optimum way to operate the 
airline (Tretheway and Oum, 1992). 
Airline scheduling can be defined as the art of designing system-wide flight 
patterns that provide optimum public service, in both quantity and quality, 
consistent with the financial health of the carrier (Wells, 1999). Wells emphasises 
the point that public-service and economic aspects of scheduling must be balanced 
with other factors including equipment maintenance, crews, facilities, marketing 
factors, and other factors such as seasonal variations. 
Figure 3 shows the conceptual framework for the schedule development 
process. The detailed process and variety of considerations - including schedule 
saleability, schedule adjustments, and load-factors in airline scheduling - are 
outlined in full in Wells (1999). 
Operational constraints complicate the co-ordination of various air carrier 
and customer interests. Teodorovic (1988) has enumerated such constraints as the 
system of aircraft technical maintenance, meteorological conditions prevailing at 
the airports in the network, crew planning, the price of fuel, working hours of 
airports, and time zone. 
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Competitive Schedules 
Internal Factors 
Equipment maintenance 
requirement 
Flight operations 
10 
- airport runway lengths 
- fuel capacity 
- air traffic control & routings 
- crew availability 
Facility constraints 
- gate positions 
- consignment reception and 
storage space 
- consignment handling 
- ground equipment 
Marketing factors 
- traffic flow 
- sensitivity of schedule 
saleability 
- other operating factors 
- load factors 
1 Carrier Schedule 
f- Airport authorities 
- curfews 
- slots 
f Local communities 
4 Air freight shippers 
Figure 3 Conceptual Framework for the cargo schedule development process 
Source: after Wells, 1999 
Numerous models have been developed to design airline schedules and 
different operations research methods are utilised when modelling airline schedules 
depending on the approach to the design, the objective functions applied, and 
different operational constraints that must be considered. Due to the complex and 
combinatorial nature of the problem, contemporary computerised techniques must 
be employed (Teodorovic, 1988). 
As noted by Etschmaier and Mathaisel (1985), the approaches taken in the 
schedule construction process can be divided into direct approaches and stepwise 
ones. The direct approaches use some heuristic procedure for preparing a schedule 
by selecting flights and possibly making small changes in flights previously 
1 External Factors 
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selected. The first step in stepwise approaches is selecting routes which are to be 
served and determining the frequency of service on each route (often referred to as 
Frequency Planning or Frequency Optimisation). The second step determines 
departure times on the basis of the time-of-the-day variability of demand and of the 
possible connections of flights to other airlines at important transfer points. In the 
third step, departure times are checked for operational feasibility. Aircraft rotation 
plans are developed to determine the number of aircraft required for executing the 
schedule, and changes are identified which could lead to a reduction of the number 
of aircraft required. 
Clark et at. (1996) define the fleet assignment problem in which an airline 
determines which fleet (type of aircraft) is assigned to each flight under a given 
flight schedule. And the aircraft rotation problem is a step in which an airline 
determines the routes flown by each aircraft of a given fleet under the given 
solution to the fleet assignment problem. 
Rushmeimer and Kontogiorgis (1997) describe a more detailed process of 
monthly flight schedule development undertaken in most airlines as corresponding 
to the following steps: 
1) marketing planning: planning the frequency of direct and one-stop 
service to cities; 
2) schedule design: design of the flight timetable in terms of origin, 
destination, and departure times, including timing of flights at hub 
airports; 
3) fleet assignment: assignment of one of available aircraft types to each 
flight in the schedule; 
4) aircraft routing: selection of the sequence of flights to be flown by each 
aircraft in the course of a day; 
5) crew pairing: assignment of crews to a sequence of flights over a period 
of 1-4 days; 
6) crew blocks: arrangement of crew pairings into monthly blocks of 
flying for each crew member; and 
7) staff scheduling: scheduling of non-crew personnel at ground facilities 
to support the flight schedule. 
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For the scheduling process within the airline, Ashford et al. (1997) suggest 
that the question of scheduling involves a large number of persons and sections 
within the structure of the airline itself. A typical functional interaction chart is 
shown in Figure 4. 
Route Division 
Commercial 
economist 
Technical crew 
Engineering 
Stations 
Figure 4 Organisation of scheduling within an airline 
Source: after Ashford et al., 1997 
Operations 
control 
In Figure 4, the commercial economist takes advice from market research 
and interacts with the various route divisions, which control the operations of the 
various groupings of the airline routes. Once the decision has been made that a 
service should be incorporated into the schedule, the schedule planning section will 
examine the scheduling implications of planning the service. 
When schedules planning is satisfied that all overall planning 
considerations have been satisfactorily resolved, the service is passed to current 
planning, which is charged with the implementation of the particular service 
schedule. This is done in conjunction with input from the technical, cabin, 
engineering, and station staff. 
The final implementation of the service is carried out under operations 
control, which deals with daily operations and the need to provide service in terms 
of resolving difficulties with, for example, crew sickness, fog, ice, delays, aircraft 
readiness status, and so on. The various considerations and effects of scheduling 
through hubs are described in detail by Wells (1999). 
Schedules .I Current 
planning I 'I planning 
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2.3 Network Representation 
2.3.1 Air Cargo Network 
For international air carriers, each aircraft typically makes two or more 
flights over a number of days before returning to its base airport. Each route has 
different demand characteristics, and air carriers have to determine how to combine 
each flight into groups of flights which could be served by the same aircraft, taking 
into consideration relevant technical and marketing aspects. Any current route 
structure should therefore reflect such considerations on the part of the carrier. 
The fleet assignment for international pure air cargo aircraft is typically 
based on a weekly time-line compared to a daily time-line for, for example 
domestic flights. Although Clarke et al. (1996) mention that fleet assignment 
problems derived from international schedules are very different, they are similar 
in nature if we expand the time span from a day to a week and if we consider a 
series of flights which are flown by an aircraft as a flight. 
The nature of air freight is complicated by the imbalance that exists on 
many routes. The movement of freight is a one-way business, unlike the majority 
of passengers who ultimately return home (Smith, 1974). Compared to passenger 
aircraft, cargo aircraft do not need to make a return trip on the same route; rather 
cargo aircraft may fly one or more flights on different routes before returning to 
theirs home base. 
Hub and spoke networks may be a familiar feature within the United States, 
but they have in fact been the predominant pattern in international operations for 
some considerable time, although for different reasons. As international services 
can be flown only with the consent of the governments involved, governments 
negotiate with each other on a bilateral basis and draw up air service agreements 
specifying the routes that designated airlines from each of the two countries can 
fly. As a result, national airlines have tended to operate the vast majority of their 
international routes to and from their home country, in and out of their main hubs, 
usually located in their capital or largest industrial cities. This was partly because 
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of the way international services were operated, mainly due to restrictions in inter- 
governmental bilateral agreements (Hanlon, 1999). 
Figure 5 shows the typical network structure of an international pure air 
cargo operation. For cities which have a high demand, a direct bi-directional 
connection (C) is common, and for cities with less demand than aircraft capacity, 
the same aircraft flies in one direction (making a triangle) connecting hub and cities 
and hub (A, B). For technical reasons such as refuelling or crew rotation, some 
routes (E, F, G) use an intermediate base (D). 
Figure 5 Air cargo network structure 
(based on Korean Air's data) 
For the same destinations, carriers can connect directly or indirectly via an 
intermediate base by day of week. At the hub, there will be large storing/sorting 
facilities for cargo to be transferred to other flights for their final destinations. 
For some routes of long distance, carriers may use one or more technical 
bases which are not shown on their cargo timetables. And for the same destinations 
on routes, the actual sequence of flights may vary for technical reasons such as 
refuelling and crew assignment or to reflect seasonal demand. Without stops, some 
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long haul services may not be operationally or economically viable. The following 
figure shows typical itineraries of cargo aircraft (Figure 6). 
Figure 6 Typical itineraries of cargo aircraft 
(based on Korean Air's schedule data) 
2.3.2 Time-Line Network 
Time and space are two essential components for representing the network 
structure in various transportation network and schedule design problems. 
Conventional modelling practice in order to configure a transportation network 
properly uses a time-space structure. In the time-space structure, nodes represent 
time and space, and arcs represent movement in time and space. 
The time-line network (Hane, et al., 1995) is the type of flight network 
which consists of a set of nodes associated with each station and arcs that represent 
flight legs, aircraft on the ground, and over-nighting aircraft (Barnhart et al., 1998). 
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" Node: Each node corresponds to an arrival or a departure of a flight. The 
location and time of a node corresponding to a departure is the origin and 
departure time of the flight; and the location and time of a node corresponding 
to an arrival is the destination and ready time of the flight. All nodes are sorted 
chronologically at each station for each fleet's flight network. 
" Ready time: The ready time means the time when an aircraft is ready to go out 
again. It is the flight's arrival time increased by the minimum time needed for 
refuelling, loading and unloading freight, and maintenance checks before the 
aircraft is prepared to depart. The time-space network has to be built with ready 
times rather than with scheduled arrival times. Continuing flights need less 
dwell time to get ready for an aircraft for the next takeoff. Subramanian et al. 
(1994) refer to the difference in these ready times as about 5 to 10 minutes, and 
since the schedule is so tight, this difference makes a big impact on the overall 
fleet performance. Ready time is fleet and airport dependent because larger 
aircraft and busier airports require more dwell time. 
" Flight Arc: A flight arc and its departure and arrival nodes in a fleet's network 
represent a flight in the schedule. 
" Ground arc: A ground arc connects successive nodes at one airport, or station, 
in a fleet's flight network. It represents aircraft positioned at a station during 
the time interval associated with the arc's end nodes. A wrap-around arc is a 
special type of ground arc. It connects the last node and the first node at one 
station. These arcs represent aircraft over-nighting on the last day of the 
schedule. By using a wrap-around arc, the fleet assignment problem can be 
modelled as a circulation problem. 
In a time-line network, there is a set of nodes (s, i) for each time t; when an 
arrival or departure occurs at airport s. There is a flight arc ((s1, i), (s2 , j)J 
for the 
flight segment that departs s, at time t, and arrives at s2 at time t,. There are 
ground arcs ((s, i), (s, i+1)J to count the number of aircraft on the ground at each 
airport, and there is a wrap-around arc that connects the last node of the period with 
the first one for all airports s. 
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This time-line has entries designating the arrivals and departures from the 
airport for each fleet. Each departure (arrival) from the airport splits an edge and 
adds a node to the time-line at the departure (arrival + refuelling/cargo handling) 
time. Two nodes created at the arrival airport and at the departure airport are 
connected by the decision variable representing the assignment of one fleet to the 
flight. Figure 7 shows a time-line of four departing flights and four arriving flights 
at an airport . 
aciý 
1" -, 
I 
---- -----------------------------------------ý 
Figure 7 Time-line 
Figure 8 is a reformulated picture of Figure 5 on the time-line. In this case, 
the scope of the time-line is a week since a typical pure international air cargo 
schedule is repeated on a weekly basis. 
Minimum connecting times should be considered when constructing a time- 
line network. Minimum connecting times mean the minimum interval that must be 
spent between an arrival and a departure in order to load and unload passenger 
and/or cargo. Their length clearly depends on a number of factors. 
At busy congested airports the minimum connecting times are longer than 
at places where the pressure on facilities is relatively less (e. g. at some smaller 
airports, where online connections can be made in as short a time as 10 minutes). 
Connections to/from long haul flights often require greater minimum connecting 
times, because of longer loading and unloading times (Hanlon, 1999). 
Another way of representing a network is the connection network. 
Compared to the time-line network where the ground arc exists between every pair 
of adjacent node at the same airport, in the connection network, the connection arcs 
potentially exist between every pair of nodes at the same airport. 
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The advantages and disadvantages of the two network types can be 
summarised as follows (Kim, 1997); 
" The time-line network usually requires fewer arcs than the connection 
network; and 
" The connection network is better able to model complicating 
constraints, such as restrictions on the set of design variables selected. 
Figure 8 Weekly time-line network of air cargo 
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2.4 Fleet Assignment Model 
2.4.1 Considerations for Fleet Assignment 
The typical solution to the fleet assignment problem is to determine which 
type of aircraft to assign to each flight segment when there is a schedule of flight 
segments and a set of different types or fleet of aircraft. As different fleet types 
have different capacities, and different cost characteristics, they produce different 
revenues if assigned to the same flight segment. 
The input data of a typical fleet assignment model include revenue data, 
traffic data, aircraft data, operating costs, itinerary, etc., and its outputs can 
optimise performance, fleet requirements, fleet utilisation, aircraft 
assignment/frequency, etc. Taneja (1982) has discussed these at length, which are 
summarised in the following table (Table 1) . 
Table 1 Inputs and Outputs of Fleet Assignment Models 
Source: Taneja, 1982 
Inputs 
Market Prices 
Traffic-frequency data 
Available aircraft types and capacities 
Operating Costs 
Per block hour 
Per passenger boarded 
Per passenger mile 
Per aircraft mile 
Per aircraft departure 
Landing fees 
Stations served and their capacities 
Minimum required levels of service 
Vehicle route-itinerary options 
Maximum permissible load factors 
Fuel consumption or availability 
constraints 
Outputs 
System economics or performance 
Fleet requirements 
Fleet utilisation 
Aircraft route assignments and 
frequency 
Airport activity 
Market and segment information 
The process of fleet assignment modelling can be described according to 
the following diagram (Figure 9). A fleet assignment model uses mathematical 
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programming technique to solve a series of linear equations which describe the 
network and applicable constraints and the resources of an airline. The objective is 
to find an optimal balance between demand, fleet size, and composition. In Figure 
9, the `pre-processor' function processes the input data to produce the 
mathematical equations for the optimisation program. The `post-processor' 
function reads the solution of the optimisation process and converts it into a 
management-oriented output. 
Historical Traffic 
Historical Level of Service 
Demand Formulation 
City-Pair 
Demand Curve 
Generator 
1 
Financial 
Data 
Aircraft 
Data 
Airport 
Data 
Demand 
Data 
-J 
Policy Options 
ýl 
PREPROCESSOR 
ý 
Mathematical Formulation, 
Linear Programming 
Solved by 
T 
Standard Software Package 
i 
POSTPROCESSOR 
Route 
Data 
i 
Output Data 
Flights 
Aircraft 
Passengers 
Profit or Loss 
Revenues 
Fleet 
Passenger 
Airport Activity 
Figure 9 Fleet-Assignment Modelling Process 
Source: Taneja, 1982 
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The basic fleet assignment problem has typically been built as a `minimum 
cost multi-commodity flow' problem or `maximum profit mixed integer program' 
problem by many researchers (Marsten, 1980; Abara, 1989; Subramanian et al., 
1994; Gu et al., 1994; Hane et al., 1995; Rushmeier, 1997, etc). 
In Hane's model (1995), for example, the factors considered in assigning a 
fleet to a flight leg are demand, revenue, capacity, fuel costs, crew size, availability 
of maintenance at arrival and departure stations, gate availability, and aircraft 
noise. Many of these factors are captured in the objective coefficient of the 
decision variable, others are captured by constraints. 
Researchers have used various forms of objective function to address the 
airline fleet assignment problem. The problem could be formulated as a cost 
minimisation or a profit maximisation problem, the optimal utilisation of a 
particular fleet type, or a minimisation of the total number of aircraft. 
2.4.2 Fleet Assignment Model 
The basic fleet assignment problem can be formulated as an integer 
programming problem of cost minimisation as follows; 
Minimise 
K 
ll: CikXik 
k=1 ieAf 
(2.1) 
Subject to 
" Schedule balance (Conservation equation, or Aircraft flow balance): 
I Xik +YOUTOF(s)k -1jX ik - YYwro(s)k =0 for all sES and k =1, ... ,K (2.2) IED(s) lEA(s) 
" Flight coverage: 
K 
Y, X; k=1 foralliEAf 
k=I 
(2.3) 
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Fleet size (Aircraft count): 
T, Y,. k+YlXik <_SIZE(k), k=1,..., K ieA, ieAA 
" Binary decision variable: 
X; k =0orl 
forall iE Af; k=1,..., K 
" Non-negativity variable: 
Y,. k >_ 0 for all i c= A8 ;k =1,..., K 
Analysis of Air Cargo Fleet Assignment 
where 
S: set of nodes 
Af: set of flight arcs 
A8 : set of ground arcs 
D(s) : set of flight arcs from node s 
A(s) : set of flight arcs to node s 
Ao : set of wrap-around (over-nighting) arc 
Am : set of flight in the air at weekend midnight (ex: 3: 00 am) 
K: number of fleets (k=1, ..., K) 
SIZE(k): number of aircraft available for type k 
OUTOF(s) : ground arc from node s 
INTO(s) : ground arc to node s 
Y,. k : decision variable for ground arc i and fleet k, (>_ 
0) 
X; k : decision variable for flight arc i and fleet k, (= 
0 or 1) 
C,,.: cost of assigning fleet k to flight i 
(2.4) 
(2.5) 
(2.6) 
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There are three or four main sets of constraints in the basic model. In 
addition to the three major constraints noted above (conservation equation, flight 
coverage, and fleet size constraints), a `required through' (also called a `hook-up' 
or `continuity of equipment') constraint can be incorporated easily in the model, 
thus: 
" `Required through' (Hook-up) constraint: 
X, k -X Jk =O for all (i, j) EH and k, 
H(i, j) : set of required through with i and j r= Af 
The descriptions for each constraint are as follows; 
" Flow conservation (schedule balance) constraint: 
(2.7) 
These equations force the circulation flow of the nodes of each fleet. The schedule 
balance equations make up a huge number of constraints as each flight links two 
nodes, and at each node there is one constraint for each fleet. 
" Flight coverage: 
This constraint requires that every flight served must be continued from another 
flight and for only one aircraft type. Each arriving flight may connect with any 
departing flight whose departure time permits a minimum time for the connection. 
Flight-to-flight connections usually are referred to as turns. Typically, an arriving 
flight can turn to more than one departing flight. No more than one of a flight's 
possible turns can be active. Flight coverage constraints enforce each flight leg to 
be flown by exactly one fleet. 
" Fleet size (aircraft count): 
The number of aircraft in each fleet, which is the scarce resource in the assignment 
problem, is certainly limited. This set of constraints counts the number of aircraft in 
each fleet. Though fleets with different capacities are desirable to accommodate 
varying demands, more aircraft are needed as the number of fleets grow for 
maintaining balance separately for each fleet. 
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" Continuity of equipment (required through, or hookup): 
It is necessary that each flight served begins and ends with the same aircraft type. 
This assures the integrity of the network. This set of constraints enforces the flight 
legs of each `required through' constraint to be flown by an aircraft of the same 
fleet. 
0 Other constraints: 
It may be necessary to place limits on the utilisation of aircraft and on the 
system cost by aircraft type. 
Limits also may be needed on the number of aircraft overnighting at an airport 
or on other additive attributes in the system. 
There could be a limit on slots or the daily flights at an airport or on hour 
movements at the station. 
Limits on forced turns requiring that a specific in-flight turn into a specified 
out-flight. 
Limits on the number of stations served (overnighting a new aircraft type at a 
station incurs incremental maintenance personnel and parts inventory costs). 
By adding several more sets of constraints such as gate availability, noise 
limitations, crew considerations and maintenance, the basic model can be made 
more realistic. But from a performance viewpoint, models with more constraints 
are generally harder to solve. Therefore, the decision to add constraints depends on 
the value of extra precision gained versus the additional effort required in the 
solution process (Rushmeier and Kontogiorgis, 1997). 
The objective function of the above basic model is built as a minimisation 
problem of the total cost when assigning fleet type to flights. The `cost' is a 
composite of the opportunity cost of choosing a smaller capacity aircraft than likely 
demand, and operating costs such as fuel, cabin crew costs, airport charges, and 
other related costs. 
Seen as above, the basic fleet assignment problem can be stated as 0-1 
mixed integer programs. This optimisation problem is usually formulated as a 
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multi-commodity flow problem, in which commodities correspond to fleets and 
coupling constraints capture the coverage of flights as well as the operational 
requirements. 
Research on airline fleet assignment problems can be summarised as 
follows: 
Marsten (1980) addressed the design of the service network and the selection 
and deployment of the aircraft fleet. The study assumes a pure cargo service 
(Flying Tiger), not constrained by passenger routes and schedules. Marsten's 
model uses the concept of a spider graph and presents the mixed-integer 
programming model for maximising profit with fuel constraint, demand 
constraint, and capacity constraints when the network consists of a single spider 
graph, and the more complex case of several inter-connected spider graphs. 
Abara (1989) formulated the fleet assignment problem of American Airlines as 
a maximisation of the benefit contributions of flights less the cost of aircraft 
used, the cost of aircraft shortages and the cost of stations. The model is 
constrained by flight coverage, continuity of equipment, schedule balance, 
aircraft count, and some operational constraints. Abara's model uses extra 
variables to compute the sequence of flights individual aircraft will fly, in 
addition to determining the fleet decision. These variables cause a tremendous 
growth in model size as the number of flights increase. To limit the size of the 
model, each arrival could be paired with at most the next five departures. 
Abara's model is therefore limited in that it is not extendable to other 
applications such as fleet planning and route development. 
Subramanian et al. (1994) built a cost minimisation function with four main 
sets of constraints (balance, cover, size, and hook-up) for the fleet assignment 
problem of Delta Airlines. As a plane arriving at an airport can be paired with 
any later departure in the model, Subramanian's model is more powerful and 
realistic than Abara's model. 
- Gu et al. (1994) modelled the fleet assignment problem as a multi-commodity 
flow problem on a time-space directed network with flight constraints, non- 
25 
Chapter 2 Analysis of Air Cargo Fleet Assignment 
negativity constraints and fleet size constraints. They referred to their model as 
a basic model since the real problem has other constraints on factors such as 
maintenance, crews and route connectivity. They proved that a closely related 
fleet assignment problem including flight coverage and fleet count constraints 
is NP-hard. 
Hane et al. (1995) built a cost minimisation function with four main sets of 
constraints (flight coverage, required through, schedule balance, fleet size). To 
solve the problem, various solution techniques were used such as the exterior 
point algorithm, dual steepest edge simplex, cost perturbation, model 
aggregation, branching on set-partitioning constraints and prioritising the order 
of branching. 
Talluri (1996) demonstrated swapping applications in a daily airline fleet 
assignment. Given a daily fleet assignment, the author demonstrated an 
algorithm to change the assignment of a specified flight leg to a different 
equipment type while still satisfying all the constraints such as coverage, 
balance, and equipment availability constraints. 
Rushmeier et al. (1997) employed a flight-leg-based approach to assignment 
and profitability, and incorporated profit contributions in the model that 
depended on connections. By incorporating penalties in the objective function, 
an economic trade-off was achieved through a unified treatment of resource 
constraints. The model was developed further from previous research and as a 
result it can be called a second-generation approach to the fleet assignment 
problem. 
Except for Marsten's model (1980), previous models incorporate demand 
constraints into cost as the `spill cost' which includes opportunity costs for the lost 
passengers, through connecting revenue, etc. This incorporation of demand 
constraints into the cost term makes model simple and easy to solve, but requires 
lots of work for pre-preparation. 
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2.4.3 Operating costs 
As a fleet assignment model is usually built as a cost minimisation model, 
the proper identification and calculation of cost is a vital process. Among the 
variety of airline costs, operating cost is very significant for fleet assignment. 
According to the ICAO definition (1966), operating costs consist of several 
components that can vary by fleet type and include crew cost, fuel cost, landing 
charges, and maintenance costs. In-flight crew cost consists of the number of crew 
members multiplied by flying time and pay rate. 
The operating costs can be further subdivided into direct operating costs 
and indirect operating costs. All those costs associated with and dependent on 
aircraft type being operated should be included in direct operating costs. The main 
categories of airline operating costs are shown in Table 2. 
Table 2 Structure of airline cargo operating costs 
DIRECT OPERATING COSTS (DOC) 
1. Flight operations 
- Flight crew salaries and expenses 
- Fuel and oil 
- Airport and en-route charges 
- Aircraft insurance 
- Rental/lease of flight equipment/crews 
2. Maintenance and overhaul 
- Engineering staff costs 
- Spare parts consumed 
- Maintenance administration (could be IOC) 
3. Depreciation and amortisation 
- Flight equipment 
- Ground equipment and property (could be IOC) 
- Extra depreciation (in excess of historic costs) 
- Amortisation of development costs and crew trainin 
INDIRECT OPERATING COSTS (IOC) 
4. Station and ground expenses 
- Ground staff 
- Buildings, equipment, transport 
- Handling fees paid to others 
5. Cargo services 
6. Sales and promotion 
7. General and administration 
8. Other operating costs 
Source: after Doganis (1991) 
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Indirect operating costs are all those costs which will remain unaffected by 
a change of aircraft type and include general administration costs and traffic related 
expenditures such as traffic service costs, cost of ticketing and sales, and station 
and ground costs. 
The operating costs do not include the `non-operating' elements of expense 
such as interest on loans, losses on the sale or retirement of equipment and income 
taxes. The term `operating cost' therefore refers only to the cost of producing a 
certain quantity of air transport. In practice, the distinction between direct and 
indirect operating costs is not always clear cut. 
Labour and fuel are the two biggest costs of operating an airline. It is not 
unusual today for labour to represent over one-third and fuel, with its great price 
swings, somewhere between 15 and 25 percent of an airline's total operating costs 
(O'Connor, 1995). Another significant element of flight operation cost is made up 
of airport and en route charges. The operating cost by fleet type can be typically 
extracted from the accounting ledger for each leg. Table 3 shows the distribution of 
total operating costs between the various cost elements. 
Table 3 Distribution of airline costs: scheduled airlines of ICAO, 1978-1988 
Operating Costs 1978 (%) 1983 (%) 1988 (%) 
DIRECT OPERATING COSTS: 
1. Flight operations 35.2 39.1 31.1 
- Flight crew salaries and expenses (8.5) (7.1) (6.8) 
- Fuel and oil (18.4) (24.5) (14.5) 
- Airport and en-route charges (5.2) (4.8) (5.2) 
- Insurance and aircraft Rentals (3.1) (2.7) (4.6) 
2. Maintenance and overhaul 12.3 10.0 11.5 
3. Depreciation and amortisation 7.9 7.2 7.8 
Total DOC 55.4 56.3 50.4 
INDIRECT OPERATING COSTS: 
4. Station and ground expenses 12.6 11.1 12.6 
5. Passenger services 10.1 9.2 10.5 
6. Ticketing, sales and promotion 15.5 16.4 17.6 
7. General and administration 6.4 7.0 8.9 
Total IOC 44.6 43.7 49.6 
Total Operating Costs 100.0 100.0 100.0 
Source: ICAO(1989), Doganis(1991) 
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The direct operating cost per passenger kilometre of a 200 seat aircraft is 
some 30% less than a 100 seat aircraft on a short sector. So a balance must be 
struck in each market between the need to compete and the need to control costs 
(Caves and Gosling, 1999). 
For the purpose of this study, only four main categories of the following 
(variable) direct operating costs are considered. The fixed direct operating costs 
and indirect operating costs are not included because they are incurred whether 
they are used or not. 
The process of allocating direct and indirect operating costs to individual 
flights and routes is explained in depth by Doganis (1991). Fuel costs, variable 
flight and crew costs, airport and en route charges depend directly on the type and 
size of the aircraft used and the route over which it is being flown. As Doganis 
shows, they are clearly very specific and can be easily measured. Consider the four 
main cost categories in turn: 
1) Fuel cost 
The price of aviation fuel at any airport depends on partly on the 
companies supplying the fuel and partly on the government of the country 
concerned. The interplay of oil company costs and pricing strategies and 
individual government policies on taxation and fuel price control 
determines the posted fuel prices at airports. However few airlines pay the 
posted price. Regular users of an airport will negotiate their own contract 
price with the fuel suppliers. The price of fuel is crucial for airlines since on 
any particular route it may represent as much as 25 percent of operating 
costs, though overall it accounts for 10-20 percent of the total costs of many 
airlines. The differential impact of fluctuating exchange rates may also 
adversely affect some airlines, since fuel price in most parts of the world 
are quoted in US dollars (Doganis, 1991). 
As Table 4 shows, the price of fuel in 1992 varied from 16 cents per 
litre (the lowest) in North America to 24 cents (the highest) in Africa. In 
practice, fuel cost differs by route, the direction and power of wind, load 
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factor, flight height, etc. In this study unit fuel consumption rates are used 
by aircraft type. For planning purpose, airlines typically use average rates 
actually. Though the price of fuel differs by place in the world and day by 
day, a single price is assumed in this study. 
Table 4 Estimated unit fuel price and airport charges by region, 1992 
(International scheduled services), Source: ICAO (1992) 
Area 
World 
North America 
Central America/Caribbean 
South America 
Europe 
Middle East 
Africa 
Asia/Pacific 
Aircraft fuel and 
oil prices 
(cents/litre) 
18.3 
16.0 
19.4 
20.2 
17.8 
19.8 
24.4 
19.9 
Landing and associated 
airport charges 
(dollars/departed tonne) 
10.1 
4.1 
3.6 
5.7 
17.6 
5.3 
6.9 
8.6 
2) Crew cost 
For most international airlines wage costs represent 25-35 percent of 
their total operating costs, though the figure is lower for many Third World 
airlines. Crew cost is little different by aircraft type, and because of the 
difficulties in getting actual data from the airline in question (Korean Air), 
published data (the crew cost/block time by aircraft type) based on the US 
case are applied (Air Transport World, 1999). 
3) Maintenance costs 
Expenditure on fleet maintenance is an important component of 
operation costs for all airlines, both in relation to owned and leased assets. 
Airlines may have varying maintenance requirements depending on the age 
and type of their aircraft and the route structure over which they operate. In 
addition it is noted that technical changes have led to different generations 
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of aircraft being employed with maintenance requirements which differ in 
both timing and nature. Fleet maintenance requirements typically involve 
short cycle engineering checks, component checks "A", monthly checks, 
periodic heavy maintenance (notably "C" checks and "D" checks) and 
engine checks (IATA, Airline Accounting Guideline No. 5). 
Some direct maintenance work and checks are related to the amount 
of flying hours that an aircraft undertakes, while other checks depend on the 
number of flight cycles. For each aircraft type an airline will normally work 
out an average cost of maintenance per block hour and a separate average 
cost per flight cycle. The variable maintenance cost of an individual flight 
can then be calculated on the basis of the number of block hours and flight 
cycles required for that flight (Doganis, 1991). The published data from 
`Air Transport World'(1999) for maintenance cost/block hour by aircraft 
type are used in this study. 
4) Landing charges 
For the world's airlines as a whole, airport charges and en route 
facilities charges account for just over 5 percent of their total costs. The 
level of airport charges depend partly on the cost at the airports and partly 
on whether the airport or the government is trying fully to recover those 
costs or even make a profit. As a result, landing charges vary enormously 
between different airports (Doganis, 1991), as the second half of Table 4 
has shown. ICAO publishes a manual on airport and air navigation facility 
tariff every year. 
2.4.4 Spill Cost 
Demand and spill 
The demand for a flight is characterised in part by the nominal load factor. 
According to Swan(1983), the term "nominal" indicates the people/cargo who 
choose that flight as their first option. It distinguishes demand from traffic, which 
31 
Chapter 2 Analysis of Air Cargo Fleet Assignment 
is the people/cargo who eventually are found on the flight. Traffic differs from 
demand by loss of people/cargo `spilled off' the flight and the addition of people 
`spilled to' the flight from other flights. Thus, spill is effectively demand turned 
away because their first choice of flight is full. 
The demand for a flight is not a single absolute number of people or 
quantity of cargo. It is a distribution which states the probability of a different 
quantity occurring in the demand. The distribution of demand can be thought of as 
describing either the uncertainty about demand for a single flight departure or the 
different demands for a series of departures treated as a group (Swan, 1983). 
The demand distribution can be described by two statistics - mean (nominal 
load factor) and the amount of variation about the mean (standard deviation(SD)). 
A large SD indicates a broad variation from the nominal load factor, and a small 
SD implies that the demand is usually near to the nominal load factor. 
The stochastic nature of demand contributes to a basic problem in airline 
operations - selecting an aircraft fleet and assigning it to a set of flights. Because 
the variability of demand is high (typically, standard deviations of 20-50% of the 
mean demand) and because of the range of the mean demands experienced, even 
the best solutions give rise to average system loads in the region of 65% of 
capacity. The stochastic nature of demand is such that even at these low operating 
efficiencies, significant turn-away (spill) exists (Berge and Hopperstad, 1993). 
Although for passenger aircraft the load factor can be simply calculated by 
occupied seat numbers, for cargo aircraft it is far more complex as it is affected not 
only by weight but also by volume. But with the difficulties in obtaining volume 
data, and for the simplicity of model, load factor by weight is used. 
Estimating Spilled Demand - Spill Model 
`Spill' is the number of passengers or amount of cargo not carried because 
aircraft capacity is insufficient. Spill is caused by the truncation of the demand 
distribution beyond aircraft capacity. The variation of daily demand can be 
attributed to differences in day-of-the-week demand, seasonality, cyclic effects, 
and random variation. High variability can result in large spills. 
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Spill becomes a cost to an airline when spilled demands are lost to a 
competitor or other modes of transport. Using a market-share model, spilled 
demand can be estimated. Spill cost depends on the demand for a flight, aircraft 
capacity, recapture rate, and the revenue of the lost demand. After finding the 
unconstrained mean and standard deviation, one can calculate the expected spill for 
any size plane. 
Figure 10 shows a normally distributed demand with a mean of 125 and 
standard deviation of 45. The area under the demand curve to the right of a vertical 
line at the capacity of an aircraft represents full flights with unsatisfied demand. 
Spill for a Boeing 727 with a capacity of 148 and spill for a Boeing 757 with a 
capacity of 182 are represented by the areas to the right of the vertical lines at 148 
and 182, respectively. 
Spill and spill cost estimates are used in short to medium term airline 
planning decisions, like scheduling and fleet assignment and in longer term fleet 
planning and strategic planning. The correct estimation is particularly important to 
fleet assignment, the determination of the optimal capacity aircraft to be operated 
on a given flight leg. 
The basic inputs required by spill models are the estimated unconstrained 
demand for a given departure or a set of departures, some measure of the revenue 
value of this demand, and the aircraft capacity on the flight leg for which spill is to 
be estimated. Unconstrained demand, whether for a single departure or a set of 
departures, refers to the total potential demand that could be carried in the absence 
of any capacity limitations. Spill models can be used to estimate the expected 
number of spilled demand for a given aircraft capacity. The expected spill cost is 
the product of the expected number of spilled demand and the corresponding 
average revenue of spilled demand. 
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Figure 10 Normally Distributed Demand and Spill 
Source: Subraramanian et. al., 1994 
Unconstrained airline demand can be presented as a probability distribution, 
and past analyses have suggested that it can be well approximated by a Gaussian 
density function. It has been assumed, in general, thus the standard deviation of 
airline demand scales linearly with the square root of the mean demand (Swan, 
1979; Belobaba and Farkas, 1999), that is: 
6=Zý, (2.8) 
where Z is a scaling constant that can range between 1.0 and 2.0 for a single 
departure, and can be higher for multiple departures of the same flight over a 
longer time period. 
Given a demand distribution for a flight, expected spill can be calculated as 
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sP = Jx=c 
f (x)(x - C) dx, (2.9) 
1 (x-µ)" 
f(x) =e z°' ,-ý<x< 2nQ 
where C is the capacity of the aircraft, and f (x) is the probability density function 
(normal distribution function) of unconstrained demand x. Swan (1979,1983) has 
studied the problem of spill estimation extensively, developing the theoretical spill 
model described above, which is the basis for the spill estimation methods used by 
many airlines today. Swan's work also provided the airline industry with a tractable 
approach for estimating spill when demand can be correctly represented in the form 
of a single Gaussian density function (Belobaba and Farkas, 1999). 
Belobaba and Farkas (1999) further developed spill calculation under yield 
management in which the actual spill calculation is based on disaggregated (nested 
multiple) fare class and departure demand densities. 
The role of spill cost 
As the fleet assignment model is formulated as a cost minimisation problem 
(crew cost, fuel cost, airport/navigation cost, and maintenance cost), there should 
be at least one variable which reflects demand concerns. Without such a term, the 
model will assign small aircraft (of low cost) primarily. In this case the model will 
require another constraint on capacity restriction per each route. 
Rather than eliminating the possibility of assigning a small aircraft to the 
route with a bigger demand (than the small aircraft's payload), by giving some 
penalty (cost) on lost demand (not delivered amount by lack of capacity), the 
model could be more flexible and can reflect revenue concerns (profit 
maximisation effect). 
By including spill cost, airlines can reflect their intention in the markets as 
well. If an airline is convinced that raising its market share or growing demand on a 
certain route, by setting a higher spill cost on the route for small aircraft, an airline 
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can emphasise the route and will be able to assign a larger aircraft to that route. So 
managerial judgements can adjust the value of spill costs to reflect airline policy. 
(The practical ramification of this particular issue is discussed in Section 4.2.3. ) 
2.4.5 Other considerations 
Some other aspects related to the fleet assignment problem are maintenance 
requirements and crew considerations. 
Maintenance requirements 
In order to ensure air travel safety, the US FAA (Federal Aviation 
Administration) requires airlines to perform four types of aircraft maintenance - 
called A, B, C, D-checks - which vary in their scope, duration, and frequency 
(Clarke, Hane, et al., 1996; Clarke, Johnson, et al., 1996; Gopalan and Talluri, 
1998). Of these, A checks are routine maintenance which have to be performed 
frequently (every 65 flights) and involve a visual inspection of all major systems 
such as landing gear, power plants, and control surfaces. Usually the maintenance 
practices of airlines are more stringent than the regulation standards and differ 
among airlines to some extent. 
It is common for airlines to allow at most 35 to 40 hours of flying before 
the aircraft undergoes what is called a transit check. This check involves a visual 
inspection and a check to see if the aircraft carries what is called a Minimum 
Equipment List (MEL). B checks require a 10 to 15 hours-long stay at the 
maintenance hanger including a thorough visual inspection plus lubrication of all 
moving parts, and performed every 300 to 600 flight hours. C and D checks require 
taking the aircraft out of service for up to a month at a time, and are done once 
usually every few years. C and D check requirements do not affect daily or weekly 
scheduling and routing, since the aircraft undergoing these will be removed from 
service. 
Wells (1999) summarises these checks, which are shown below in Table 5. 
Although the B-check is classified as a major maintenance category in the table, it 
is in practice no longer necessary to undertake for those airlines with advanced 
aircraft fleets. 
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Table 5 Maintenance system for a jet aircraft (hypothetical example), 
Source: Wells, 1999 
Time 
Inspection Between Labour 
Inspections 
Duration Work Performed 
En-route Each stop 1 hour 1 hours "Walk around"-visible inspection to 
service ensure no obvious problems, such as 
leaks, missing rivets, or cracks 
Overnight 8 hours Varies Up to 8 Ad hoc repairs- work varies 
hours 
A-check 125 hours 60 hours 8 hours Primary examination- fuselage 
exterior, power plant, and accessible 
subsystems inspected 
B-check 750 hours 200 Overnight Intermediate inspection- panels, 
hours cowlings, oil filters, and airframe 
examined 
C-check 3,000 hours 2,000- 5 days 
12,000 
hours 
D-check 20,000 15,000- 15-30 
hours 35,000 days 
hours 
Crew considerations 
Detailed inspection- engines and 
components repaired, flight controls 
calibrated, and major internal 
mechanisms tested 
Major reconditioning- cabin 
interiors removed, flight controls 
examined, fuel system probed, and 
more 
One of the most important and complex factors affecting flight operations is 
that of crew assignment to a specific flight. The working limitations that govern 
flight crews are found in both legal regulations and local employment agreements. 
The objective of the crew scheduling problem is to find the minimum cost 
assignment of flight crews to a given flight schedule. The crew to be assigned are 
required to be qualified to fly particular aircraft types and thus can be treated 
identically. 
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For computational reasons, it is not possible to solve a model that solves for 
fleet assignment and crew scheduling simultaneously. When the two problems are 
solved independently, fleet assignment must be done first because the fleet type 
determines the number and type of crew members needed (Clarke et al. 1996). 
It is easy to include some crew constraints in the fleet assignment model. 
For example, lower bounds on the number of departures of a fleet from crew bases 
for that fleet and upper bounds on number of flying hours for the fleet are easy to 
model. But opportunities for keeping down crew cost are not so easy to model in a 
way that will keep the model computationally tractable (Clarke et al. 1996). 
Traditionally, the airline crew scheduling problem has been modelled as a 
set partitioning problem. 
2.4.6 Complexity of Fleet Assignment Problem 
An integer programme-based problem (IP) can be very difficult to solve. 
The solution time for a linear programme-based problem (LP) is fairly predictable. 
For such an LP, time increases approximately proportionally to the number of 
variables and with the number of constraints squared. For a given IP problem, time 
may increase as the number of constraints is increased. As the number of integer 
variables is increased, the solution time may increase dramatically. Some small IN 
(e. g., 60 constraints, 60 variables) are extremely difficult to solve (Schrage, 1997). 
Gu et. al. (1994) have studied some properties of the fleet assignment problem, the 
complexity of the problem and the behaviour of the solution as a function of the 
number of the fleet. The major results are summarised as follows: 
" The feasibility problem for the three fleet problem with size constraints is NP- 
complete. 
" The one fleet routing problem with size and connectivity constraints is NP- 
complete. 
" The two fleet assignment problem without size constraints is equivalent to a 
one commodity network flow problem. 
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" The upper bound feasibility problem for the three fleet assignment without size 
constraints is NP-complete for zero-one costs. 
2.5 Conclusion 
This chapter has reviewed and discussed some details of the fleet 
assignment problem. For airlines, designing a schedule is one of the most important 
and complex tasks that have to be completed before beginning commercial 
operations of their fleet. Constructing a schedule of an airline network is by nature 
a combinatorial problem given the large number of possible alternatives. 
Optimisation of the flight schedule is central to finding the most efficient and 
effective deployment of an airline's resources - its aircraft. 
The process of flight schedule development in most airlines is: marketing 
planning - schedule design - fleet assignment - aircraft routing - crew pairing - 
crew blocks - staff scheduling. The fleet assignment process is thus a process in 
which an airline determines which fleet (type of aircraft) is assigned to each flight 
under a given flight schedule. 
The representation of the air cargo flight network, which is somewhat 
different from a passenger flight network, has been presented. For international air 
carriers, each aircraft flies one or more flights for days before returning to its home 
airport. Each route has different demands, and air carriers have to determine how to 
combine each flight into groups of flights which to be served by the same aircraft 
after considering technical and marketing aspects. 
The fleet assignment of pure international pure air cargo aircraft is based on 
a weekly time-line approach: Time and space are two essential components for 
representing network structure in a transportation network and schedule design. 
Conventional modelling practice in order to configure a transportation network 
properly uses a time-space structure. For the fleet assignment problem, the time- 
line network is the type of flight network which consists of a set of nodes 
associated with each station and arcs that represent flight legs, aircraft on the 
ground, and over-nighting aircraft. 
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When constructing a time-line network, minimum connecting times have to be 
considered. 
The fleet assignment problem can be formulated as a zero-one integer 
programming problem of cost minimisation with various constraints. The input 
data for a fleet assignment model are revenue, traffic data, aircraft data, operating 
costs, and itinerary, etc., and it can optimise output of performance, fleet 
requirements, fleet utilisation, and aircraft assignment/frequency. The objective 
function of the fleet assignment model is built as a minimisation problem of the 
total cost when assigning fleet type to flights. The cost is a composite of the 
opportunity cost (spill cost) of choosing a smaller aircraft than demand suggests, 
and operating costs such as fuel, cabin crew costs, airport charges, and other costs. 
Spill models can be used to estimate the expected number of spilled demand for a 
given aircraft capacity. The expected spill cost is the product of the expected 
number of spilled demand and the corresponding average fare of spilled demand. It 
has been proven by Gu, et. al. (1994) that the complexity of the feasible problem 
for multi-fleets operations is NP-complete. 
An air cargo fleet assignment problem can be formulated based on a weekly 
time-line network, and as the problem is very complex by nature, it would be very 
important to review the existing methods for solving the problem and it would be 
advantageous for airlines if we can develop an efficient solution algorithm. 
The next chapter reviews optimisation solution methods, and as a promising 
alternative, neural network models are studied. 
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Optimisation Solution Methods and 
Neural Network 
3.1 Introduction 
To solve a complex optimisation problem of the kind discussed in the 
previous chapter, we can apply different solution methods. In this chapter, various 
solution methods are reviewed and, as a relatively new technology for solving 
optimisation problems, the neural network is introduced. A fleet assignment 
problem is a complex combinatorial problem; a naive approach to the problem is 
simply to list all feasible solutions for the given problem, evaluate their objective 
functions, and pick the best - but it is obviously a very inefficient approach. 
Recently, neural network models have been applied in various fields in 
science, engineering, physics, etc. As an optimisation solver, a neural network 
model is a heuristic solution approach which solves difficult optimisation problems 
through approximation. In section 3.3 the fundamentals of a neural network are 
explained and the neural network applications in the transport field are reviewed; 
section 3.4 explains the Hopfield network, which is a recurrent neural network 
widely used in solving combinatorial optimisation problems. The optimisation 
process using a neural network approach and an application to a linear 
programming problem is presented in Section 3.5. Section 3.6 shows how to solve 
general assignment problems, which are basic 0-1 combinatorial problems, using a 
neural network. In Section 3.7, the Boltzman machine approach is presented, an 
algorithm which is known as especially efficient in solving combinatorial 
optimisation problems of the kind which are the subject of this research. Finally, 
some conclusions are drawn. 
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3.2 Problem Solving Methods 
3.2.1 Methods for Solving Problems 
Schaller (1998) classifies methods for solving problems into three major 
groups: algebraic methods and two numeric methods. The numeric methods can be 
subdivided into global search and local search methods. 
Enumeration and the depth first search method are classified as global 
search methods. Enumeration is very simple, safe, but very inefficient method as it 
simply tries all combinations of values from the variable domain - one after another 
- until a solution has been found. To speed up enumeration, the depth first search 
method has been developed. It assigns the first value to the first variable and then 
checks if any constraint has been violated even by this partial assignment. If not, it 
assigns the first value to the second variable and so on, until all variables are 
assigned. Then a solution has been found. However, if any constraint is violated 
during a step, the search method goes back to the previous variable and tries the 
next value. For the orders in which variables are assigned and values are taken 
from the domain, heuristics have to be applied. 
Local search methods are based on the paradigm of minimisation of the 
number of errors E in a certain test assignment. Gradient descent starts at a certain 
initial state, and then the state is modified to reduce the number of errors E. The 
error is reduced by the largest amount if the method makes a step in the direction of 
the negative gradient. 
Simulated annealing starts with an initial state, generates a new, 
neighbouring state, and compares the value of the target function E for both by 
building the difference. If the new energy is lower, the new state is accepted, 
moving the state toward a minimum of E. If the new energy is higher, the new state 
is accepted with an acceptance probability. The drawbacks of this method are 
three-fold: the lack of a programming model, difficulties in defining the error 
function, and slow convergence. 
Genetic algorithms simulate the population of individuals. Three operators 
are applied to this population: mutation, recombination, and selection. By 
repeatedly applying these operators to a set of random initial individuals, the 
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population becomes more and more homogeneous at best fitness (the satisfaction of 
constraints). Like simulated annealing, this method can be formulated as an 
optimisation algorithms and require the selection of system parameters that control 
the convergence. 
A promising approach pioneered by John Hopfield uses recurrent neural 
networks. The energy function of the network depends on the state of the neurons 
and is determined by the weights of the feedback synapses. By determining the 
synapse weights appropriately, it is possible to encode a quadratic optimisation 
problem or a discrete constraint satisfaction problem into the network. 
A fleet assignment problem can be formulated as an integer programming 
problem, and there are many existing treatments of combinatorial optimisation but 
these tend to concentrate on methods which are exact rather than heuristic. 
These methods usually rely on links with the theories which underpin linear 
programming or graphs, or else use an implicit enumeration approach such as 
branch-and-bound or dynamic programming (Reeves, 1993). 
3.2.2 Solution Methods for Fleet Assignment Problem 
The solution technique for fleet assignment depends on whether a valid 
initial assignment exists or not (what is referred to as a warm vs. cold start). Local 
improvement algorithms are typically used in the warm-start case; they improve the 
current assignment by swapping aircraft types for specific flights, while 
maintaining aircraft flow balance (Talluri, 1996). Cold-start, being an optimisation 
model, does not require an initial fleeting. 
Marsten and Muller (1980) have presented mixed-integer programming 
models and implemented the model using branch-and-bound algorithm in 
FORTRAN. Abara (1989) has used a traditional integer linear programming 
algorithm to solve the model, but it is not specified by any certain solving 
technique. As some variables are not required to be integer, consequently it is a 
mixed integer problem. 
The solution strategy proposed by Subramanian et al. (1994) is to use 
interior-point code, by fixing some or all of the binary variables to be 1, and to 
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solve the resulting smaller mixed-integer problem with the branch-and-bound 
search of the OSL (Optimisation Subroutine Library) mixed-integer programming 
code. Before attempting to solve the linear programme, the authors applied an 
algebraic reduction technique to reduce the problem size. 
Hane et al. (1995) have used interior-point algorithms after testing the 
primal and dual simplex method, and applied the dual simplex method with 
steepest edge pricing method. The solutions were then re-optimised using the 
branch and bound search approach. 
A mixed-integer multi-commodity flow problem was implemented in 
AMPL (A Modelling Language for Mathematical Programming) by Rushmeier and 
Kontogiorgis (1997). In their solution methods, AMPL spawns a CPLEX (Large 
Scale Mathematical Programming Software for Optimisation) process to solve the 
LP relaxation of the problem, and a rounding heuristic is applied in AMPL to fix 
the assignment of flight legs that have near integer assignments in the LP solution. 
AMPL spawns a new CPLEX process to assign the remaining flight legs, through a 
branch and bound search. 
3.3 Introduction to Neural Network 
3.3.1 Fundamentals of Neural Network 
In the development of artificial neural networks, the first studies that 
conceived the fundamentals of neural computing were undertaken in the 1940s. In 
the 1960s neural network studies began to attract much attention and many models 
were proposed at that time. However, since then development has been at a relative 
standstill for two decades, and only in the past few years has the interest in neural 
networks grown rapidly again, after the training algorithm for multiple-layer neural 
networks was invented (Xiong, 1992). 
Though (artificial) neural network technology is generally viewed as 
computer science area, researchers from various fields including computer science, 
biology, engineering and sociology have been developing applications within their 
own disciplines to improve and compare with their existing methodologies, since 
the potential of neural networks is so attractive. 
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Today Artificial Neural Networks (ANNs) are being applied to an 
increasing number of real world problems of considerable complexity. They are 
seen to be good pattern recognition engines and robust classifiers, with the ability 
to generalise in making decisions about imprecise input data. They offer ideal 
solutions to a variety of classification problems such as speech, character and 
signal recognition, as well as functional prediction and system modelling where the 
physical processes are not understood or are highly complex. ANNs may also be 
applied to control problems, where the input variables are measurements used to 
drive an output actuator, and the network learns the control function. The 
advantage of ANNs lies in their resilience against distortions in the input data and 
their learning capability. They are often good at solving problems that are 
perceived to be too complex for conventional technologies (e. g., problems that do 
not have an algorithmic solution or for which an algorithmic solution is too 
complex to be found) and are often well suited to problems that people are good at 
solving, but for which traditional methods are not (Pacific Northwest National 
Laboratory, http: //www. emsl. pnl. gov: 2080/proj/neuron/neural/what. html). 
Work on neural networks has been motivated right from its inception by the 
recognition that the human brain computes in an entirely different way from that of 
the conventional digital computer. The brain may be seen as a highly complex, 
non-linear, and parallel computer-based information processing system (Haykin, 
1999). 
The neural network is a recently developed analytical technique that 
mathematically simulates the connections of the biological neural system in the 
human brain with respect to how it reacts to changes in the outside environment. 
Neural networks can be categorised according to the type of learning rule 
employed - supervised learning, reinforcement learning, and self-organising 
network. 
A main distinction can be made between neural networks with and without 
supervision. The difference is based on the underlying different training processes; 
in fact, supervised training implies the knowledge of input/output data in order to 
find, during the learning phase, the weights of the network which minimises the 
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error function of the target outputs and the network outputs. Although different 
algorithms exist, the most utilised one is the back-propagation algorithm. As far as 
unsupervised training in neural networks is concerned, these networks do not need 
target outputs; they modify the weights by means of a competitive learning 
algorithm, in response to input data (Nijkamp et al., 1996). 
A neural network's learning process is called network training. In this 
process, neural networks modify their behaviour in response to their environment. 
Shown a set of inputs with a desired output, they self-adjust their parameters to 
produce consistent responses. Once a neural network is trained, its response can be 
insensitive to minor variations in its input, to some degree (Xiong, 1992). 
A neuron is an information processing unit which is designed to receive a 
set of inputs, process them, and produce an output (or outputs). Three basic 
elements of the neural network model are: 
"A set of synapses or connecting links, each of which is characterised by 
a weight or strength of its own. 
" An adding function for summing the input signals, weighted by the 
respective synapses of the neurons. 
" An activation function for limiting the amplitude of the output of a 
neuron. 
In mathematical terms, a neuron can be described by the following 
equations: 
S=Ex; w; =x, W, +x2w2 +"""+xnWn 
r=t 
and 
n 
Yk - f(s) = f(Yxi wi ) i=1 
(3.1) 
(3.2) 
where x,, x2, """, xn are input signals; w,. w2, """, w are the synaptic weights 
of neuron k; s is the linear combiner output due to the input signal of the neuron. 
Figure 11 shows the conceptual diagram of an artificial neuron. 
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Figure 11 An artificial neuron 
In the above equation, f can be a constant or a linear function, or a sigmoid 
function or any other appropriate function as follows: 
if s>a certain constant 
"a constant (step function) f (s) 
1, 
_ (3.3) 0, otherwise 
"a linear function f (s) =a*s+b (3.4) 
. .ýr.... .1 
"a sigmoia runction f (s) = 1+e-s ý 
(3.5) 
Neural networks provide an analytical alternative to conventional 
techniques which are often limited by strict assumptions of normality, linearity, 
variable independence, etc. Because an ANN can capture many kinds of 
relationships, it allows the user to quickly and relatively easily model phenomena 
which otherwise may have been very difficult or impossible to explain otherwise. 
The main differences between conventional digital computers and neural 
networks are summarised in Table 6. 
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Table 6 Differences between artificial neural systems and digital computers 
Digital Computers 
- Deductive Reasoning. We apply 
known rules to input data to produce 
output. 
Neural Networks 
- Inductive Reasoning. Given input and 
output data (training examples), we 
construct the rules. 
- Computation is centralised, 
synchronous, and serial. 
- Memory is picketed, literally stored, 
and location addressable. 
- Not fault tolerant. 
- Fast. Measured in millionths of a 
second. 
- Exact. 
- Static connectivity. 
- Applicable if well defined rules are 
known with precise input data. 
- Computation is collective, 
asynchronous, and parallel. 
- Memory is distributed, internalised, 
and content addressable. 
- Fault tolerant, redundancy, and sharing 
of responsibilities. 
- Slow. Measured in thousandths of a 
second. 
- Inexact. 
- Dynamic connectivity. 
- Applicable if rules are unknown or 
complicated, or if data is noisy or 
partial. 
Source: Himanen et. al., 1998 
Artificial neural network systems are trained from experience. An artificial 
neural system is constructed and then simply presented with historical cause and 
effect situations. The artificial neural system then shapes itself to build an internal 
representation of the governing rules. Later, after the artificial neural system is 
trained, it can be presented with a hypothetical situation to produce a prediction of 
real event results. 
Neural networks can be distinguished as two types on the basis of the 
directions in which signals flow: feedforward and feedback. In a feedforward 
network, signals propagate in only one direction from an input stage through 
intermediate neurons to an output stage. On the other hand, in a feedback network, 
signals may propagate from the output of any neuron to the input of any neuron. 
Feedforward networks have been applied successfully to a number of 
problem areas including sonar signal processing, speech recognition, stock market 
prediction, image processing, and adaptive process control. Neural models that 
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permit feedback have been employed to develop networks capable of unsupervised 
learning, self-organisation, retrieving stored memory patterns, and computer 
solutions to a variety of optimisation problems (Tagliarini et. al. 1991). 
Hopfield discovered that it is possible to describe the dynamic behaviour of 
a single layer, symmetrically fed-back network of neurons as the minimisation of a 
quadratic energy function. By defining the weights appropriately, it is possible to 
encode a discrete constraint optimisation problem into the network. (The details of 
Hopfield neural network approach are studied in the Section 3.4. ) 
There are four major application areas with soft borderlines in between - 
feature recognition, function approximation, associative memories and 
optimisation. Feed-forward networks have shown great promise in finding good 
solutions to difficult combinatorial optimisation problems (Reeves, 1993). In this 
case, the weights (w;! ) are fixed once and for all for each problem - they are not 
adaptive as in the other domains of application. The neurons are then allowed to 
settle into a stable state, where the solution to the problem is given by the 
configuration with minimum energy. 
3.3.2 Neural Network Models Applied to Transport 
The field of transport studies has seen an explosion of interest in neural 
networks in the 1990s. Dougherty (1995) has examined previous work within the 
transport field which have received attention from those working with neural 
networks. A point to notice is that the vast majority of these papers concern road- 
based transport. One reason for this is that a lot of the most interesting work has 
been kept secret, for both commercial and military reasons. Of the two papers 
classified as in the air transport area in the review, both concern subjects in 
avionics rather than pure air transport matters. 
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Table 7 Neural network models by subject areas 
Subject Area 
Driver Behaviour/autonomous vehicle 
Parameter estimation 
Pavement maintenance 
Vehicle detection/classification 
Traffic pattern analysis 
Freight operations 
Traffic forecasting 
Transport policy and economics 
Air transport 
Maritime transport 
Submarine vehicles 
Metro operations 
Traffic control 
Total 
Source: Dougherty (1995) 
Number of Papers 
12 
7 
6 
5 
5 
4 
4 
2 
2 
2 
1 
1 
1 
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Besides the above classification, Martinelli and Teng (1996) have modelled 
railway operations optimisation using ANNs and Nijkamp et al. (1996) have 
compared ANN and logit models. Shmueli et al. (1996) have studied the 
application of ANNs to a behavioural transportation planning problem. 
Recent results using ANN techniques in the more physical aspects of traffic 
engineering show their potential to achieve improvements over current techniques 
in areas such as freeway incidence detection, image-based vehicle detection, 
pavement crack detection and classification, and impacts on aircraft noise and 
property values - all based on feed-forward, back propagation networks (Shmueli et 
al. 1996). 
The following table, Table 8 shows the distribution of papers reporting the 
use of different paradigms. As yet there is little sign of a methodological approach 
to the detailed design of ANNs for particular tasks, with most researchers applying 
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simple trial and error techniques to find optimum configurations (Dougherty, 
1995). 
Table 8 Paradigms used in neural network models 
Paradigm 
Backpropagation 
Learning vector quantisation 
Adaptive resonance theory 
Self-organising map 
ADALINE 
Hopfield 
Basis function 
Counter-propagation 
Boltzman machine 
Source: Dougherty (1995) 
3.4 Hopfield Neural Network 
Number 
36 
7 
4 
2 
1 
1 
1 
1 
1 
Among various neural network models, the Hopfield network approach has 
a strong link to optimisation issues. In this section, the gradient search procedure, 
which is broadly applied in unconstrained optimisation problems and which is the 
basis of neural network optimisation, is reviewed and the mathematical foundation 
of the Hopfield network is established. 
3.4.1 Gradient Search Procedure 
The most important method for unconstrained optimisation is that which is 
based on gradient descent methods. By adapting this method, neural networks can 
be made dynamic to search for the optimal solution. Gradient search procedures 
move in the direction of the gradient until an optimal solution x' is reached, where 
Vf (x') = 0. The gradient at a particular point x= x' is the vector whose elements 
are the respective partial derivatives evaluated at x=x, so that 
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Of(x')= af f"f atx=x'. (3.6) ax, ' aX2 '"' axn 
But it would not be practical to change x continuously in the direction of 
Vf (x), because this change would require continuously re-evaluating of/axe and 
changing the direction of the path. A better approach is to keep moving in a fixed 
direction from the current trial solution, not stopping until f (x) stops increasing. 
With this approach, each iteration involves changing the current trial solution 
(Hiller and Lieberman, 1990). Gradient search procedure can be summarised as 
follows: 
" Initialisation step: Select a and any initial trial solution x'. Go first to the 
stopping rule (3.10). 
" Iterative step: 
1. Express f (x'+tVf (x')) as a function oft by setting 
x =X+t 
äX 
, for j=1,2,..., n, 
X 
and then substituting these expressions intof(x). 
(3.7) 
2. Use the one-dimensional search procedure to find t= t' that maximises 
f (x'+tVf (x')) over t? 0. (3.8) 
3. Reset x' = x'+ t'Vf (x') . 
(3.9) 
Then go to the stopping rule. 
Stopping rule: Evaluate Vf (x') at x=/. Check if 
<E for all j=1,2,..., n. (3.10) aIf 
so, stop with the current x' as the desired approximation of an optimal 
solution x*. Otherwise, go to the iterative step (3.7). 
If the objective is to minimise, one change in the procedure is to move in 
the opposite direction of the gradient at each direction: 
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f(x). x' ' =x-t"v (3.11) 
This method transforms the minimisation problem into an associated 
system of first-order ordinary differential equations 
dx; ý aE µi 
dt in ' ax. 
Vr ýý axi (3.12) 
with initial condition x1 (0) = x1(0) (starting point) which can be written in 
the compact matrix form 
dx 
_ 
dt -µ(xýt)OxE(x)ý 
where 
(3.13) 
E is the energy function defined in the state space which is non-increasing 
along trajectories and where it is bounded from below, and 
dx 
_ 
dx, dx2 An r= 
dt dt 9 dt 9ý ý' dt 'x- 
Ix, 
x2 " ", x" 
Y' 
µ(x, t) is a symmetric positive definite matrix often called a learning matrix 
with entries dependent, in general, on the time t and the vector x(t). In order to 
find the desired vector that minimises the energy function we need to solve or 
simulate the system of ordinary differential equations with initial conditions. 
3.4.2 Hopfield Network 
In the early 1980's, John Hopfield developed the use of an energy function, 
and related the neural network to other physical systems. The Hopfield network 
consists of a number of nodes, each connected to every other node. 
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The architecture of the Hopfield network is significantly different from the 
feedforward networks. The Hopfield model belongs to the class of feedback (or 
recurrent) neural networks in which the dynamics are no longer trivial, but play an 
important role. The dynamics of such networks are described by a system of 
nonlinear ordinary differential equations and by an associated computation energy 
(Lyapunov) function which is minimised during the computation process 
(Cichocki, 1993). 
A Hopfield network consists of a set of neurons and a corresponding set of 
unit delays, forming a multiple-loop feedback system. The number of feedback 
loops is equal to the number of neurons. Basically the output of each neuron is fed 
back, via a unit delay element, to each of the other neurons in the network. 
Figure 12 shows the architecture of simple Hopfield network of four 
neurons. 
ý'+ 1 
F---º' 
2 1+ + 
+ 
Sum Unit Delay 
P, - 
FTz I 
Suml Unit Delayl 
Sum2 
Neurons 
Z 
Unit Delay2 
Unit-delay 
operators 
Figure 12 Architecture of a Hopfield network of 4 neurons 
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The circuit of Hopfield network consists of a capacitor C, , resistor R1; and 
a non-linear amplifier with sigmoid transfer function. The total current flowing 
toward the input node of the nonlinear element (activation function) is 
N 
wj; x; (t)+I f (3.14) 
; _ý 
where the first term is due to the stimuli acting on the synaptic weights, and 
the second term is due to the current source representing an externally applied bias. 
Let v, (t) denote the induced local field at the input of the non-linear activation 
function qp(v, (t)). Then, the total current flowing away from the input node of the 
non-linear element is: 
Li (t) 
+C 
dvj (t) 
Rj ' dt 
(3.15) 
Total current flowing toward any node of an electrical circuit is zero. By 
applying Kirchoff s current law, we can obtain the following differential equation. 
(The capacity term (the first term) on the left-hand side of the following equation is 
the simplest way to add dynamics to the neuron model. ) 
dv . (t) v. (t) " Cj +' wj; x; (t)+I j 
; _, 
dt Rj 
(3.16) 
Given the induced local field vj (t) , we may determine the output of neuron 
j by using the non-linear relation 
Xi (t) = cp(v1 (t)) . (3.17) 
With the assumption that the inverse of the non-linear activation function 
exists, we may write 
"' v=tp; (x) (3.18) 
The sigmoid function can be defined as a hyperbolic tangent function 
x=tp; (v)=tanka; 
v 
--1- 
exp(-a; v) 
- 2 1+exp(-a,. v) 
(3.19) 
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The inverse output-input relation can be rewritten in the form 
v=(Pr(x)=- 
1 
log 
1-x 
a; 1+x 
(3.20) 
The energy function of the Hopfield network is defined by Hopfield as 
follows: 
N IV /V v 
E-_ 
1 Xlwi; x; xi +l 
1 
J"'cpi-1(x)dx- 0 
ýlixi (3.21) 
1_1 1=l I=º 1 i=º 
By differentiating the energy function with respect to time, we obtain the 
following differential equation: 
f=t[twxi v, .+ ]=_tci[] 
-I RJ .' dt I=, dt dt 
The equation can be further transformed 
(3.22) 
2 
dE 
_-NIC 
dý 
-º(x ) 
Li 
=-ýC 
dxj [4_-'(x)] 
(3.23) 
dt ; _, 
' dt '' dt ; _1 
' dt dxj ' 
As the inverse output-input relation qpj' (x, ) is a monotonically increasing 
function of the output xj , 
d 
lpj-'(xj)22 0 for all xj. (3.24) 
Hence all the factors that make up the sum on the right-hand side the 
differential equation are nonnegative: 
dE 
dt 
(3.25) 
According to this equation, the energy function of a Hopfield network is a 
monotonically decreasing function of time. Accordingly, the Hopfield network is 
globally asymptotically stable, and the attractor fixed-points are the minima of the 
energy function. 
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3.5 Neural Network for Optimisation 
3.5.1 Optimisation Process 
Neural networks have very close ties with optimisation, and the ties are 
manifested mainly in two aspects. On one hand, many learning algorithms have 
been developed based on optimisation technique to train neural networks (typically 
feedforward neural networks) to perform numerous modelling tasks. The popular 
back propagation algorithm, for example, is essentially based on the gradient 
descent method. On the other hand, neural networks (typically recurrent neural 
networks) have been developed for solving various optimisation problems. As 
dynamic systems, recurrent neural networks can serve as parallel computational 
models suitable for solving computationally intensive optimisation problems such 
as air cargo fleet assignment. Because of the inherent nature of parallel and 
distributed information processing in neural networks, neural networks are seen as 
promising computational models for solving such large-scale optimisation 
problems, often in real time (Wang, 1996). 
In general, it is assumed that a neural network can successfully solve a 
specified combinatorial optimisation problem if it is able to find a good near- 
optimal solution but not necessarily the best one (Chichocki and Unbehauen, 
1993). Feed-back networks have shown great promise in finding good solutions to 
difficult combinatorial optimisation problems. This corresponds to minimising an 
energy function, which typically looks like E= -Y2 w s. s .. The problem 
is 
mapped onto the form of this equation by a clever choice of weights ww . In this 
choice w, are fixed once and for all for each problem - they are not adaptive as 
in 
the other domains of application (Reeves, 1993). 
Wang (1996) describes the application process of neural network for 
optimisation as follows: 
" Formulation of an energy function based on the objective function and 
constraints of the optimisation problem: 
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Ideally the minimum of a formulated energy function corresponds to the 
optimal solution of the original optimisation problem. The majority of, if 
not all, the existing neural network approaches to optimisation formulates 
an energy function by incorporating an objective function and constraints 
through functional transformation and numerical weighting. Functional 
transformation is usually used to convert constraints to a penalty function 
to penalise the violation of the constraints. Numerical weighting is often 
used to balance constraint satisfaction and objective minimisation (or 
maximisation). 
" Derivation of a dynamic equation (the state equation or motion equation) 
of the neural network: 
The dynamic equation of a neural network prescribes the motion of the 
activation states of the neural network. The derivation of a dynamic 
equation is crucial to the success of the neural network approach to 
optimisation. A properly derived dynamic equation can ensure that the 
state of the neural network satisfies the constraints and optimises the 
objective function of the optimisation problems under study. Presently, the 
dynamic equations of most neural networks for optimisation are derived by 
letting the time derivative of a state vector be directly proportional to the 
negative gradient of an energy function. 
" Determining the architecture of the neural network in terms of the neurones 
and connections: 
An activation function usually prescribes the domain of state variables (the 
state space of the neural network). In the use of neural networks for 
optimisation, the activation function depends on a feasible region of 
decision variables delimited by the constraints of the optimisation under 
study. Specifically, it is necessary for the state space to include the feasible 
region. Any explicit bound on decision variables can be realised by 
properly selecting the range of the activation function. The activation 
function is also related to the energy function. 
. Simulation to test the performance of the neural networks: 
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Simulations can be performed numerically by using a commercial software 
package or self-programmed simulators. 
One of the main advantages of the neural network approach to optimisation 
is that the nature of the dynamic solution procedure is inherently parallel and 
distributed. Therefore, the convergence rate of the solution process is not 
decreasing as the size of the problem increases from a statistical point of view. 
Furthermore, unlike other parallel algorithms, neural networks can be implemented 
physically in designated hardware such as application-specific integrated circuits 
where optimisation is carried out in a truly parallel and distributed manner. This 
feature is particularly desirable for real-time optimisation in decentralised decision- 
making situations (Wang, 1996). 
3.5.2 Neural Network for Linear Programming 
A linear programming (LP) problem takes the following standard form: 
n 
Minimise yc; x; 
is 
subject to 
a11x1 +a12x2 +... +aljn ý bi s 
a21x1 +a22x2 +... +Cl2nxn %j72 I 
(3.26) 
(3.27) 
amlxl +am2x2 +" "+amnxn ý 
bm 
and x; >_ 0 (3.28) 
The simplest way to construct a desired energy function is the penalty 
function method. The basic idea of this approach is to transform the constrained 
problem into an unconstrained one by adding penalty function terms to the 
objective function. These terms cause a high cost if any constraint is violated. Then 
such constraints are eliminated by increasing the objective function by a quantity 
which depends on the amount by which the constraints are violated. 
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The above LP problem can be transformed into the following unconstrained 
optimisation problem, as follows: 
nM 
E(x, k) =y ci xi +k Y P. [r,. (x)], 
ii 
where the penalty parameter k>0, 
it 
r, (x)=Ya; ixi-b; >-0 (i=1,2, """, m), and 
i=I 
the penalty function P. [r. (x)] = 
0, if r,. (x) >_ 0, 
> 0, otherwise. 
The penalty function terms can take many different forms and the penalty 
parameter k determines the accuracy of the approximation to the original LP 
problem. As the parameter k increases toward infinity, the approximation becomes 
increasingly accurate, i. e. the solution of the unconstrained problem converges to 
the solution of the constrained problem. To solve the above unconstrained problem 
when its energy function contains a penalty term, the gradient method can be 
applied. 
Using the gradient method, the problem can be mapped on to the system of 
ordinary differential equations 
dx=-µOxE(x, 
k), x(0)=xý0ý, dt 
9=diag(91, IU2,..., un)' luj >0, k»0, (3.32) 
which can be written in the scalar form 
(3.29) 
(3.30) 
(3.31) 
' =-µ1 ci+k 
m S; a; jr; (x) , xf(0)=x, 
°ý, (j=1,2,..., n), (3.33) 
; -1 
where the steh function S. is defined as S. = 
0, if r. (x)>_0, 
1, if r,. (x)<0. 
(3.34) -- -1.. I. . -- -t I1 "r -- i --ý -A 
A functional block diagram for the implementation of the linear 
programming approach using the above equations is shown in Figure 13. The 
circuit can be considered as a neural network with two layers of neurons. The first 
1, If Irkx) cv. 
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layer (sensor layer) computes the actual values of constraints (residuals) 
r; = I: ° a1 ;. xl .-b; , and if the specific constraints r, (x) ?0 is fulfilled, then the 1=ý 
signal r, (x) is inhibited, i. e. it does not go to the second layer. In the second output 
layer of neurons all non-inhibited signals k r,, (x) are combined and time integrated. 
bt ý 
Sum 
b2 10. 
r1(ý 
fr1(x)1_ 
r2(x 
flo. 
Sum 
I-N 
-61 
x2 
+ 
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[r2(x)]_ 
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1. r 
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Figure 13 Neural Network Architecture for Linear Programming Approach 
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A drawback of the penalty function method is that the penalty multiplier k 
has to be made large enough to get a solution with sufficient accuracy, but a very 
large parameter value is not convenient from a practical implementation point of 
view. 
An alternative technique for solving the LP problem is to construct the 
energy function: 
nm 
E(x, k)=I cj x, -k min (0, r. (x) 
ý_º i=l 
where k>0, with the associated system of differential equations: 
m 
, =-µ; (c+2: S; a;; ), x; (0)=xýo> dt ; =, 
where 
(3.35) 
(j=1,2, """, n), (3.36) 
0, if r. (x)? 0, S; = k>0, µi. >0. 
-k, otherwise, 
3.6 Neural Network for Assignment Problem 
(3.37) 
The assignment problem is one of a number of fundamental polynomial 
class optimisation problems, and appears in a wide range of practical tasks 
requiring real time solutions. This section explains how to solve general 
assignment problems using neural networks. 
3.6.1 Network Energy Function: The k-out-of-n Design Rule 
Hopfield and Tank proposed a neural network model to solve difficult 
combinatorial problems; subsequently, numerous modifications of the Hopfield 
network architecture have been developed to improve the network structure. To 
map a constrained optimisation problem onto a neural network, an energy function 
which is to be minimised needs to be constructed. A sum of the constraint 
functions needs to be included in this overall energy function to penalise violation 
of the constraints, hence the overall energy function will take the following form: 
E_ ("violation of constraint i") +d ("cost") , 
(3.38) 
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where d is the scaling factor (Liang, 1996). The behaviour of a neuron is controlled 
by its activation U. in Hopfield's continuous model, and u, is governed by the 
following differential equation which is rewritten from (3.16): 
du. u. " '' +Y, T,. ýgt(ui)+1, dt 77; j=i 
(3.39) 
where u, is the neuron's internal state for neuron i, -u, /t]; is a passive decay term, 
Tj is the strength of the interconnection between neuron j and neuron i, gj (u, ) is 
the activation function for neuron j, and I, is the external input to neuron i. 
Without inputs from external and other neurons, the passive decay term causes u; 
to decay toward 0 at a rate proportional to i7;. The frequent choice for the 
activation function g, (u, ) is typically a smooth sigmoid function: 
gj(uj) = O. 5[1 +tanh(gain xuj)] . (3.40) 
As long as g, (ui) is non-decreasing and if the external inputs are 
maintained at a constant value, a network of neurons modelled by the above 
differential equation will equilibrate eventually, regardless of the starting state. The 
Lyapunov energy function discovered by Hopfield for a network of n neurons 
described by (3.39) can be written as: 
E-_2 Tijgi(u, )g; (u; ) 
; =1 1=1 ; =1 
(3.41) 
when the gain of the activation function is sufficiently high, and T.; = 0. Because a 
network of neurons will seek to minimise the energy function, it is possible to 
design a neural network for function minimisation problem with variables in the 
energy function. 
Tagliarini and Page (1991) have developed a design rule (called the k-out- 
of-n design rule) which facilitates the construction of the network energy functions 
for multiple constraints. This has shown that Hopfield neural networks with the k- 
out-of-n design rule can yield good solutions for complex problems. 
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Combinatorial optimisation problems in which the solution variables are 
restricted to binary values often have constraints, such as 
Y, X; = k, or (3.42) 
i=l 
ýX; <_k 
, _ý 
(3.43) 
where X. 's are binary decision variables, k and n are positive integers and k: 5 n. 
For equality constraints (3.42), it is to select k neurons which are switched on (= 1) 
and the rest n-k neurons in this set of n neurons must be switched off (= 0). Hence 
the equality constraint is referred to as the k-out-of-n design constraint. If exactly k 
neurons are to be switched on when the network equilibrates, we have 
Y, V. =k 
; _l 
where Vi is the output of neuron i. The corresponding energy function 
(3.44) 
n2n 
E= k-YV. +V(3.45) 
will be minimal when exactly k of n neurons are on, where the second term is 
added to cause the energy function to favour digital output of neurons since the 
added term is minimal when each V; is either 0 or 1. The above energy function 
can be rewritten as follows after some manipulation and the deletion of a constant 
which has no influence on the location of the minima: 
E=-1 JE(-2)V; Vj -EV, (2k-1) 2 
j*i 
(3.46) 
By matching energy functions (3.46) and (3.41), we have 
1- 2 if i#j and T,.; = 1 0, otherwise, 
and (3.47) 
I; = 2k -1 for all i. (3.48) 
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By (3.47) and (3.48), a network of n neurons should settle into a stable state 
with k neurons on and n-k neurons off if the following two conditions are achieved: 
" Each neuron influences inhibitory strength of 2 on the other n-1 neurons, and 
" Each neuron receives an external excitatory input of magnitude 2k-1. 
3.6.2 General assignment problem 
The general assignment problem is at least NP-hard, and it is important to 
find an efficient algorithm which is both theoretically robust and practical. 
Traditional branch-and-bound algorithms require long computation times and a 
large memory space to solve large-scale problems which are typically found in 
practice. Many heuristic algorithms have been developed to address this problem, 
but their efficiency is still dependent upon a case by case treatment. 
The assignment problem has been investigated extensively. Besides the 
classical methods such as the simplex method and the Hungarian method, many 
new and modified methods have been developed. For large-scale and real-time 
applications such as weapon-target assignment, parallel solution methods are more 
desirable as existing algorithms may not be effective and efficient owing to their 
nature of sequential processing (Wang, 1992). In Wang's analogue neural network 
for solving the assignment problem, n2 neurons are arranged spatially in a square 
matrix, and neurons are connected only to themselves and lateral neurons. 
Wang (1997) has proposed primal and dual neural networks for the 
assignment problem which are based on the penalty function method. The primal 
assignment network has less complex connectivity than its predecessor, and the 
dual assignment network is even simpler in architecture. 
The energy function based on the primal assignment problem is defined as 
follows: 
Ix(t)-1l l2 
E[t+x(t)1= ý2 +r II Lrxýi(t)-1I 
`' I ý_ý L i= 
tnn 
+aexp -- cj xj (t) 
I j=I 
(3.49) 
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where w, a, and z are positive scaling constants. The decay term 
aexp(-t/r) is called the temperature parameter, and it balances the effects of cost 
minimisation and constraints. The dynamic equation of the recurrent neural 
network is described as follows: for i, j=1,2, ..., n 
du; ý (t) 
dt =-wl 
[x; 
k(t)+xk; (t)]+2w-aexp(- 
r ýij(3.50) 
k=1 
x;; (t) = g; ý 
lu; 
ý (t)l (3.51) 
du, j (t) where dt 
denotes the net input to neuron (i, j), and g(u) is a 
nonnegative and monotone non-decreasing activation function. 
The network consists of n2 + 2n neurons arranged spatially in three layers: 
an output layer and two hidden layers. The output layer consists of an nxn two 
dimensional array of output neurons represented by [x;, ]. Each of two hidden 
layers consists of n-vector of hidden neurons representing instrumental variables 
[y1]or[z; ]. 
Later, Wang and Xia (1998) have presented recurrent neural networks 
which solve the primal and dual assignment problems simultaneously for the 
following 0-1 integer program. 
RR 
min 
ýECiýxii 
i=l J=l 
subject to 
txj 
=1, j=1,2, """, n 
i=1 
Ix, =1, i=1,2,..., n 
l=l 
xij =0 or 1, for all i and j 
(3.52) 
(3.53) 
(3.54) 
(3.55) 
If the optimal solution is unique, then the assignment problem is equivalent 
to a linear programming problem by replacing the 0-1 integrality constraints with 
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nonnegative constraints (3.56), due to the total unimodularity property of the 
constraints coefficient matrix (Bazaraa, et. al., 1990). (A matrix is said to be totally 
unimodular if every square submatrix of the matrix has determinant +1, -1, or 0. In 
the node-arc incidence matrix, since all entries are ± 1, or 0, every 1x1 submatrix 
has determinant ±1or 0. ) 
x; ý >_ 0 for all i and j (3.56) 
The dual problem can be formulated as follows: 
max (u; + Vi) (3.57) 
subject to u; +vj <_ cj for all i and j (3.58) 
The energy function for the primal-dual assignment network can be 
formulated as follows; 
1 n [ný 1°n E(X'll'V) -2 
1 
LýCijXij-(ui+Vi) 
2 
+2ý 
, 
Xy-1 
2 
i=1 j=1 1=1 j=1 
1 
12 
+21 xii-1 +4ý(XZ-Ixijxij) j=1 1=1 i=1 j=1 U 
nný 
+4ýýýcii -(ui +vj)IxIcii -(ui +vi)-Icii -(ui +vj)I 1=1 j=1 
(3.59) 
The first term is the squared duality gap, the second and third terms are for 
the equality constraints, the fourth term is for the non-negativity constraints in the 
primal problem, and the last term is for the inequality constraints in the dual 
problem. By the duality theorem, x* and (u*, v*) are optimal solutions respectively 
to the primal and the dual problem if and only if E(x*, u*, v*) = 0. The dynamic 
equation of the continuous time primal-dual assignment network is defined in the 
following differential equations, for all i, j =1,2, """, n, where 11 >0 is a design 
parameter which scales the convergence rate: 
dx'i 
--, ' Cr; 'ý CPgxpq-up-vp)+1(x;; -Ixrýl)+ý(xrr+xr; )-2 (3.60) dt p=l g=l 2 1=1 
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du; 
dt 
r 
lCi! -Ui -V, -ICil -Ui - V, 
I) (3.61) -ý -ý ýCp9xp9-Up -vp) 
( 
p=l l v=l G 1=1 J 
"ý pf 
-" 
dv; 
__µ _I 
lCP9xP9-UP 
-VP) 
1 2: (Cli 
-ul -vi -ICIi -Ul -vll) (3.62) dt 
P=l y=1 
2 
1=1 
Most neural network structures are based on the penalty function method, 
such as the Hopfield network. This kind of neural network structure has merits in 
convergence and stability, but there is a problem in choosing a proper penalty 
parameter. Wang and Xia have concluded that the primal-dual assignment 
networks have been proven to be capable of making optimal assignments, and 
compared with other discrete-time neural networks for optimisation, their model is 
guaranteed to be globally convergent to exact solutions. 
Another example of neural network implementation for solving general 
assignment problem is the following zero-one integer programming problem which 
assigns users to service centres so that the total cost is minimised. 
Mn 
min IIc; i x; i i=1 j=1 
subject to 
m 
lx; 
ý =1, j=1,2, """, n 
; _l 
rjxýý <_b,, i=1,2,..., m 
i=ý 
xii =0 or 1, for all i and j 
(3.63) 
(3.64) 
(3.65) 
(3.66) 
In the above model, there are m service centres and n users, the demand of 
each user is r, amount of service, and it can only be served by one service centre. 
The capacity of each centre is bi. The cost between each service centre and each 
customer is cj if customer j is served by service centre i. If we consider the service 
centres as knapsacks and customers as items, this problem can be regarded as an 
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example of the multi-knapsack problem. Since the 0-1 knapsack problem has been 
shown to be NP-hard, this problem is at least an NP-hard problem. Gong et. al. 
(1995) have proposed two kinds of neural network structures based on the penalty 
function method and augmented Lagrangian multiplier method for the above 
general assignment problem. 
By replacing the 0-1 constraints with quadratic concave equality 
constraints, the original problem can be transformed into an equivalent nonlinear 
programming problem and 0-1 constraints can be eliminated. We have the 
following constraints instead of (3.66): 
x; ý "(1-x; ý)=0 (3.67) 
By using the penalty function method, this constrained non-linear problem 
can be converted into an equivalent optimisation problem, thus: 
mnvnm 
E( X, K)= Ilc; ý x; ý (y, x; ý -1) 
2 
i=l j=1 2 i=l i=1 
2 (3.68) 
+2.1 
[min{Obi_trixijl 
+K. Z1 x2 "(1-xij)2 
i=1 j=1 i=1 j=l 
where K is the penalty parameter. The dynamic system of differential equations of 
the penalty function method is derived as follows: 
d ?I 
ý Xpg =-, Cl [CPg+K"I(x; 
q -l)-K"rq "min{0, bP - 
jrj " xvi ) 
i=l j= 
(3.69) 
+K"xpg "(1-xpg)"(1-2xpq)] 
where p is the learning rate parameter and p =1,2, "", m, and q =1,2, """, n. 
The last penalty term in (3.66) will reach its upper bound value which is at 
least larger than K132, if the trajectory of the dynamic system moves from one 
feasible solution to another. Choosing a small penalty parameter will cause these 0- 
1 constraints not to be ensured, and choosing a large penalty parameter will cause 
the last penalty term to prevent the dynamic process and stick at the original place. 
The authors proposed the augmented Lagrangian multiplier method to avoid 
the difficulty of selecting the penalty parameter and to ensure the feasible 
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conditions by the function of Lagrangian multipliers. They used penalty to relax 
linear equality and inequality constraints, and used Lagrangian multipliers to relax 
quadratic concave equality constraints as follows: 
L(X, K, A) =I Ic; ýx; ý +K "I(I x; ý -1)z 
; =i 1=l 
2 j=i 1=1 
2 
+2I min{O, bi -ýrjxij} +ýZ ii, ij "xij "(1-xij) 
i=1 j=1 i=1 j=1 
(3.70) 
where _ [ý ,""", ýhn ,""", """, . 
k,,,, 
,""", 
Amn ] is the vector of the Lagrangian 
multiplier. The dynamic system whose equilibrium point is the saddle point of the 
above function is 
ýtXpq=-ý. i"[cPq+K"(ýx; q-1)-K"rq"min{0, 
bP-ýrj "xj } /1=ý 
(3.71) 
+;. 
pq(1-2Xpq)] 
d 
dI 
"P9 
'XP4 ý `1- XP4 ý (3.72) 
where u is the learning rate parameter and p =1,2, " " ", m and q =1,2, " " ", n . 
For the following simple general assignment problem, a penalty function 
neural network has been designed and implemented using SIMULINK (Simulink is 
an interactive tool for modelling, simulating, and analysing dynamic systems 
developed by the Mathworks, Inc. ). This is described in Figure 14 and Figure 15. 
This simple general assignment problem can be stated as: 
z3 
min Il C; ý X; j = 2X11 +3X12 +4X13 +7X21 +6X22 +5X23 (3.73) i=1 j=1 
subject to 
X11+X21 =1 
X12+X22 =1 
x, 3 + x, 3 =1 
(3.74) 
(3.75) 
(3.76) 
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2X11+X12+3X13 <_4 
2X21 +X 22 +3X23 <_ 4 
X; ý =Oorl. 
(3.77) 
(3.78) 
(3.79) 
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The optimal solution for the above problem was found by LINDO (Linear, 
Interactive, and Discrete Optimisation software developed by UNDO Systems 
Inc. ) using the branch-and-bound method. 
Table 9 Branch-and-bound solution for a simple general assignment problem 
Variable Value 
X11 1 
X12 1 
X13 0 
X21 0 
X22 0 
X23 1 
No. Iterations 4 
Objective function value 10.00 
The equivalent energy function for the above optimisation using the penalty 
function method is: 
E(X)=2X,, +3X12 +4X13 +7X21 +6X22 +5X23 
+2 
I(X 
ll+X 21 1)2 + 
(X 
12 + X22 1)2 + 
(X 
13 
+X 
23 -1)2 } 
K {min2[0,4-2X11-X12-3X13]+min2 [0,4-2X21-X22-3X23]}(3.80) +2 
K 
1X112(1-X11)2+X122(1-X12)2+X132(1-X13)2 
2 1+X212(1-X21)2 +X222(1-X22)2 +X232(1-X23)2 
And the differential equations of the energy function are derived as follows by 
letting the time derivative of a state vector be directly proportional to the negative 
gradient of an energy function: 
dX 
_-µ{2+K"coll-2K"lowl+K"bin(X)}, dt 
dX12 
=-µ{3+K"col2-K"lowl+K"bin(X12)}, dt 
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dX13 
__µ{4+K"col3-3K"lowl+K"bin(X13 dt 
dX 21 
dt =-µ{7+K"coll-2K"low2+K"bin(XZ, 
)}, 
dX22 
_-µ{6+K"co12-K"low2+K"bin(X22)}, dt 
dX23 
_-µ{S+K"co13-3K"low2+K"bin(X23)} dt 
where, 
Coll=X11 +X21-1, 
col2=X12+X22-1, 
col3=X13+X23-1, 
local = min(0,4-2X11-X12 -3X13 , 
low2 = min(0,4-2X21-X22 -3X23, 
bin(X; ý)=X; ý"(1-X; ý)"(1-2XU) foralli, j. 
(3.81) 
(3.82) 
(3.83) 
(3.84) 
By solving above differential equations repeatedly the model can find the 
equilibrium point. Since the optimal solution is always binary, a threshold logic 
unit may be added to each neurone for X; j as an output unit to expedite the 
convergence near an optimum so that the output variable 
0 if X; i <0.5 
1 if X; ý 2: 0.5 
(3.85) 
The equilibrium points solved by the penalty neural network from the initial 
conditions of all zero variables are shown in Table 10. The parameters were set as 
µ=2.0, k =100 based on Gong's (1995) study, and adjusted to µ=2.0, 
k= 200 - 500 for a better solution. 
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Table 10 Neural network solution for a general assignment problem 
Value (step size=0.001, steps=1000) 
Variable 
X11 
X12 
X13 
X21 
X22 
X23 
µ=2.0 
k=100 
1.01 
1.00 
-1.01 
-0.04 
-0.03 
0.98 
p=2.0 
k= 200 
1.00 
1.00 
0.00 
-0.02 
-0.01 
0.99 
,u=2.0 
k= 300 
1.00 
1.00 
0.00 
-0.01 
-0.01 
0.99 
µ=2.0 
k= 400 
1.00 
1.00 
0.00 
-0.01 
-0.01 
0.99 
,u=2.0 
k= 500 
1.00 
1.00 
0.00 
-0.01 
-0.01 
0.99 
As shown in the table, by increasing the penalty parameters from 100 to 
300, the model obtains better solutions; however beyond 300 the bigger penalty 
parameters give the same result. It can be concluded that a penalty function-based 
neural network approach has difficulties in selecting appropriate parameters 
although with properly selected parameters the model can find the near-optimal 
solution to the problem very quicky. 
3.7 Boltzman Machine and Mean-Field Annealing Algorithm 
3.7.1 Boltzman Machine and Simulated Annealing 
A large class of combinatorial optimisation problems can be solved by the 
Hopfield-type neural network model as shown in the previous section. In a 
Hopfield model, each neuron can take only two states, +1 and -1 (or 0,1), and a 
local minimum can be reached when the network is iterated from an initial state by 
updating each neuron asynchronously with the signum function updating rule: 
r n 
X, 
(k+1) 
= Sign 
5, 
Wýý Xj(k 
) 
-I- 
1=I 1=I il 
1 1, if Ur >0 
-1, otherwise 
(3.86) 
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where u %P' + O; . 
i=l 
In the asynchronous mode of operation the neural network always 
converges to a stable state which corresponds to a local minimum of the energy 
function. As the energy function may contain many local minima, it may be very 
difficult to find a good solution with the above algorithm which guarantees to 
converge to the nearest local minimum. 
In order to escape from bad local minima, it may be necessary to use a more 
sophisticated optimisation strategy than that of gradient descent. A frequently used 
approach to avoid getting stuck in local minima is the Boltzman machine. The 
algorithm used by the Boltzman machine to locate energy function minima is a 
simulated annealing approach -a stochastic strategy for searching the state of 
neurons corresponding to the global minimum of the energy function. 
The Boltzman machine introduces artificial thermal noise which is then 
gradually decreased through time. This noise allows for occasional hill-climbing 
interspersed with descents. The fluctuations of the energy function are allowed to 
be a Boltzman probabilistic distribution: 
(x) P(x) = exp , - 
ET ) Y, 
xeXp - ET 
1 1/ 
(3.87) 
where the sum runs over all possible configurations of the states, and T is a 
controlling parameter called the computational temperature. 
The idea is to apply uniform random perturbations to the output states of 
the neurons and then determine the resulting change in the energy function. If the 
energy is reduced, the new configuration is accepted. If the energy is increased, the 
new configuration may also be accepted but with a probability proportional to 
exp(-DEIT). 
In practice the probabilistic acceptance or rejection of the state is achieved 
by adding a separate thermal noise N; to each neuron; and output state can be 
computed as: 
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n 
x; k+u=tanh yI wj x, (*) + Ni 
t=o 
with y>1. 
(3.88) 
The efficiency of the simulated annealing approach depends crucially on 
the choice of the cooling schedule for the control parameter (temperature). The 
algorithm stops when the change in temperature is small enough to consider the 
system to have reached a state near the ground state. The main drawback of the 
simulated annealing algorithm is that it requires a very long computation time. 
3.7.2 Mean-Field Annealing Algorithm 
The Boltzman machine is particularly well suited for avoiding local minima 
with its simulated annealing relaxation technique. This feature, on the other hand, 
makes the Boltzman machine very time consuming operate; not only does the 
stochastic annealing algorithm involve measurements at many successive 
temperatures, but the measurements themselves require many sweeps (Peterson and 
Anderson, 1987). 
In contrast to simulated annealing, which is a pure stochastic algorithm, the 
Mean-Field Theory (MFT) procedure is deterministic. The basic idea is to replace 
stochastic binary neurons (two binary states x, = ±1) by analog neurons with 
continuous outputs v; constrained between -1 and +1. The MFT approximation 
takes the form 
° 
v; = tanh Iw; ýv; +O; 
]IT] 
= tank -1 - 
DE(v) 
(i =1,2,..., n). (3.89) 
; _l T av; 
In this way the complex stochastic process of simulated annealing has been 
approximated by a system of nonlinear deterministic equations called mean-field 
annealimg equations. The solution of these equations should give the global 
minimum of energy function E(x) , under the assumption that the time schedule of 
changing the controlling parameter T is appropriately chosen. In many 
n 
78 
Chapter 3 Optimisation Solution Methods and Neural Network 
applications of neural networks, the output states are represented rather by 11,01 
instead of ( -1,1). For this representation of the output signals of neurons, the MFA 
equations can be modified as follows (Cichocki, 1993): 
Vi =12 1+tanh jw; ýv; +O; IT (i =1,2,..., n). (3.90) 
i=l 
The neural network for the assignment problem is then specified as follows; 
Rm 
min 
2j 1j 
cij xik 
i=l k=1 
subject to the blocking constraints 
xrk =1, k=1,2, ---, m 
r=i 
m 
I: 
'xik _1,1c1,2,... ýn 
k=1 
x; ý =0 or 1, for all i and k 
(3.91) 
(3.92) 
(3.93) 
(3.94) 
The above problem can be represented by a neural network containing n *m 
neurons arranged in a two dimensional array. The energy function for the neural 
network is 
1"m[m 
E(v) -1 E(V) 
2ýj 
1: 
Cik vik +L, I 
EVA 
i=1 k=1 k=l i=1 
m 
+22 I Ivik-1 ý'2ývikýi-Viký i=1 k=1 i=1 k=1 
where k, >0, k2>0, k3 >_ 0. 
(3.95) 
(3.96) 
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The minimisation of the above energy function enables the set of the MFA 
equation to be obtained: 
v; = 
21 1+tanhT 
11 
(3.97) 
with 
urk = 
aE(v) v) c; k +k, 
Iv, k -1 +k2 ývik -1 +k3 
ý 
-v; k . (3.98) i=1 k=1 A 
I(m )l 
The mean-field annealing algorithm exhibits better (that is quicker) 
convergence while preserving the near equality quality of the solution afforded by 
the simulated annealing approach (Cichocki, 1993). 
The main problem in freight operations, for which attempts have been made 
to use neural networks, concerns optimisation of routing networks and scheduling. 
The main problem all the researchers seem to have experienced is parameterisation 
of the problem. This is because the problem is so highly non-linear. One possible 
solution to this is to use what are called self-organising categorisation networks. 
Different optimisation schemes are then used, depending on class. Another 
approach is to explore different encoding schemes, with the hope that one can be 
found which extracts the salient features. Yet another approach has been to use the 
Boltzman machine method as, unlike other paradigms, this type of network is 
specifically designed for optimisation problems. Unfortunately results have been 
somewhat disappointing and it seems that the techniques involving complex pre- 
processing show more promise (Dougherty, 1995). 
3.8 Conclusion 
Various techniques for solving optimisation problems have been outlined in 
this chapter and as a new promising solution methods for fleet assignment problem 
neural networks have been studied. The conventional branch-and-bound method 
for solving integer programming problems is one of the enumeration methods and 
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requires try huge number of combinations of values although it guarantees the 
exact solution if the problem is feasible. 
The concept of a neural network is a recently developed analytical 
technique that mathematically simulates the connections of the biological neural 
system in the human brain with respect to how it reacts to changes in the outside 
environment. Among various neural network models, the Hopfield network has a 
strong relation to optimisation. 
The process of applying neural network methods for optimisation is based 
on four basic stages: 1) formulation of an energy function based on the objective 
function and constraints of the optimisation problem, 2) derivation of a dynamic 
equation (the state equation or motion equation) of the neural network, 3) 
determining the architecture of the neural network in terms of neurons and 
connections, and 4) simulation to test the performance of the neural network. 
One of the main advantages of the neural network approach to tackling 
optimisation problems of the kind proposed in this research is that the nature of the 
dynamic solution procedure is inherently parallel and distributed. The neural 
network solution process for the general assignment problem has been presented 
and it is concluded that the penalty function-based neural network approach has 
difficulties in selecting appropriate parameters although with properly selected 
parameters the model can find the near-optimal solution of the problem quickly. 
Finally, the Boltzman machine method has been reviewed as a better neural 
network solver for combinatorial optimisation problems, but it seems as yet to lack 
practical utility since the algorithm is much more complex and time consuming. 
In the next chapter, the air cargo fleet assignment problem which has been 
reviewed in the previous chapter is formulated as a mixed integer programming 
problem after some pre-processing such as node aggregation and arc aggregation, 
then the optimal solution is obtained by the branch and bound method. A new 
neural network model to the problem is proposed and its performance is evaluated. 
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Application of Neural Network to Air 
Cargo Fleet Assignment 
4.1 Introduction 
This chapter considers the practical application of a conventional fleet 
assignment problem solving method - integer programming and branch-and-bound 
method - together with the application of a neural network method in order to 
evaluate the air cargo fleet assignment of a combination air carrier. For this 
application, data on the air cargo side of Korean Air's operations have been 
collected. 
The fleet assignment problem is formulated initially as an integer 
programming problem with the objective of cost minimisation given several 
constraints, following some pre-processing involving node aggregation and arc 
aggregation. The problem is solved by the branch-and-bound method using 
LINDO, a well-known optimisation solution software package. A neural network 
model is then proposed for the fleet assignment problem, and the energy function is 
built and differential equations are derived accordingly. The neural network model 
is executed using MATLAB and the results are compared to those of LINDO. 
4.2 Case Study 
4.2.1 Data 
Korean Air (KE), the target airline, has been selected from the top 10 world 
combination airlines for cargo transport. For several years, Lufthansa has been the 
largest combination airline in the world, with Korean Air ranking second for four 
years from 1996 to 1999 in terms of cargo tonne-km carried. These data for 1999 
are shown in Table 11. Figure 15 presents data for Korean Air for fleet expansion 
and cargo traffic volumes respectively. 
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Table 11 Top 10 IATA Freighter Airlines (International) 
Scheduled Freight Tonne-Kilometers Flown (Millions) 
Airline 
1. Lufthansa 
2. Korean Air 
3. Singapore Air 
4. Air France 
5. British Airways 
6. Japan Airlines (7`h in 1998) 
7. Federal Express (6`h in 1998) 
8. KLM 
9. Cathay Pacific 
10. United Airlines 
1998 
6,201 
5,041 
4,828 
4,575 
4,040 
3,778 
3,832 
3,709 
3,297 
2,485 
1999 
6,584 
5,766 
5,482 
4,717 
4,241 
4,139 
4,016 
3,911 
3,771 
2,624 
Source: World Air Transport Statistics, IATA 
Korean Air has a worldwide network covering all the main cities of the 
world. Backing up this service is their cargo terminal at Kimpo International 
Airport, which uses the very latest equipment and technology. At present, KE's 
cargo service to Japan, North America, Europe, the Middle East and Southeast Asia 
connects a total of 70 major cities in 28 countries with more than 330 international 
flights a week. Korean Air's dedicated services are as follows: 
" On the transpacific route to Toronto, New York, Los Angeles, Chicago 
and San Francisco, there are a total of 27 cargo flights a week. 
"KE has 10 cargo flights a week on its European route to Frankfurt, 
Milan, Paris, London, and Amsterdam. 
" KE's service to Southeast Asia offers 21 cargo flights a week on the 
route to Hong Kong, Singapore, Bangkok, Manila, Kuala Lumpur, Jakarta, 
Penang and Johore Bahru. 
" KE's Japanese route to Tokyo and Osaka offers 4 cargo flights a week. 
Seoul is the transportation hub from which these flights radiate to America, 
Europe, Southeast Asia and Japan (Figure 16), demonstrating the significance of 
Seoul's strategic location and KE's flight schedule that facilitates cargo forwarding 
to any of these destinations. 
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Figure 16 Korean Air's air cargo network (1998) 
In 1998, KE was operating a fleet of 113 aircraft including 18 all-cargo 
freighters (13 B747 Jumbo freighters, 3 MD 11 freighters, and 2 A300 freighters). 
The B747 Jumbo freighter is capable of carrying more than 100 tonnes of cargo. 
With its side and nose cargo doors, the aircraft can carry a cargo up to 118 inches 
(three meters) in height. It can accommodate every type of ULD including pallets 
and containers. 
KE operates its own large-scale cargo terminals at Kimpo airport (Seoul), 
Narita airport (Tokyo), J. F. K. airport (New York), L. A. airport (Los Angeles) and 
Pearson airport (Toronto). 
KE's percentage of revenue earned from air freight is among the highest of 
the combination air carriers in the world (Table 12). Air cargo transport by belly- 
hold in passenger aircraft depends on passenger flight schedule. The ratio of air 
cargo transported by freighter and belly-hold is about 8: 2. As passenger transport is 
regarded as much more important, little consideration is given to cargo when KE 
builds their air transport network. 
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Table 12 Percentage of revenue earned from air freight 
Airline 1990 1998 
Korean Air 28.3 31.0 
Singapore Airlines 18.2 22.7 
Air India 16.8 - 
Cathay Pacific 15.6 23.1 
Japan Airlines 15.6 14.2 
Lufthansa 14.4 16.4 
Qantas 13.0 - 
Thai International 11.8 15.7 
Swissair 9.5 6.4 
Air Canada 9.2 16.6 
Iberia 9.2 5.6 
British Airways 7.3 7.5 
Source: Shaw(1993), ICAO (1998) 
KE transports almost every type and size of cargo consignment - ranging 
from tulips to dolphins, and from electronic devices to oil drilling equipment, and 
consolidated commodities from forwards as well. 
Using Kimpo as a hub airport, KE built their worldwide air cargo network. 
The most important route is between the US and South-East Asian countries, which 
connect at Kimpo airport. 
In the case of the freight network, planning is still done primarily manually, 
with limited computerised intervention. The network planners believe that manual 
planning is both more convenient and faster than any computerisation, given that 
their freight fleet consists of 18 aircraft. 
Unravelling transhipment traffic on multi-sector routes is a complex, and 
often impossible, task without reference to documents for each consignment. These 
difficulties are caused by the method used to report traffic on a particular route. 
Carrier statistics are based on sector loads rather than on the origin and destination 
of consignments. On single sector services, this problem does not arise but, on 
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multi-sector services, the result is that no meaningful data is available for different 
freight markets. The only way to resolve the situation would be to distinguish the 
airport of origin and destination of all consignments from sector and transhipment 
points (Smith, 1974). 
Various data for tackling the fleet assignment problem have been collected 
from Korean Air directly and from other sources such as ICAO and `Air Transport 
World'. These data consisted of the following items: 
" Number of aircraft by aircraft type (KE) 
" Cargo amount carried by flight (KE) 
" Total cargo revenue (KE) 
" Maintenance cost (KE and `Air Transport World') 
" Crew cost ('Air Transport World') 
" Fuel consumption and fuel cost (KE and `Air Transport World') 
" Landing and navigation charges (KE and ICAO) 
" Flying time/distance by route (KE). 
Because some data such as crew cost, revenue by flight, etc., are highly 
confidential to an airline like Korean Air, there were difficulties in collecting data 
from the airline, and so some data have had to be extrapolated from various 
published data, including data from other airlines. 
4.2.2 Aggregation 
Some pre-processing has been undertaken to simplify the fleet assignment 
model. By the aggregation of both arcs and nodes, the size of the problem can be 
reduced dramatically and made more intuitively manageable. 
Arc aggregation: 
For pure international air cargo transport, as each aircraft makes two or 
more flights before returning to its hub after departing from its home base, and 
there is very little possibility of changing an aircraft while in journey, itineraries for 
each aircraft can be aggregated into one flight. By this arc aggregation, we only 
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need to construct a time line from the airline's hub airport only. Accordingly, two 
to four flights may be aggregated into a single route without loss of information or 
clarity. Figure 17 shows how this process can be undertaken for an example route. 
Although each flight has different demand, an averaged demand was used for each 
route given the lack of information and for simplicity. 
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Figure 17 Arc aggregation in the time line. 
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As shown in the following table, Table 13, each flight number consists of 
one or more flights and by arc aggregation 168 flight numbers can be aggregated to 
form 84 routes. The last digit in the route number refers to the day of week, i. e., 
1=Monday, 2=Tuesday, 3=Wednesday, 4=Thursday, 5=Friday, 6=Saturday, and 
7=Sunday. As a result, same flight numbers can be sorted by the day of week. 
2155 
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Table 13 Arc aggregation 
Route Flight 
number 
Flight 
number 
Aircraft 
type 
Route 
length(km) Itinerary 
0231 023 024 1 18100 SEL-SFO-SEL 
0233 023 024 1 18100 SEL-SFO-SEL 
0235 023 024 1 18100 SEL-SFO-SEL 
2054 205 206 2 18100 SEL-SFO-SEL 
2056 205 206 2 18100 SEL-SFO-SEL 
2071 207 208 4 19670 SEL-ANC-LAX-ANC-SEL 
2072 207 208 4 19670 SEL-ANC-LAX-ANC-SEL 
2073 207 208 2 19670 SEL-ANC-LAX-ANC-SEL 
2074 207 208 4 19670 SEL-ANC-LAX-ANC-SEL 
2075 207 208 2 19670 SEL-ANC-LAX-ANC-SEL 
2076 207 208 4 19670 SEL-ANC-LAX-ANC-SEL 
2133 213 214 4 19670 SEL-ANC-LAX-ANC-SEL 
2135 213 214 4 19670 SEL-ANC-LAX-ANC-SEL 
2151 215 216 2 19389 SEL-LAX-PDX-SEL 
2155 215 216 2 19389 SEL-LAX-PDX-SEL 
2232 223 224 2 20470 SEL-NRT-LAX-NRT-SEL 
2252 225 226 2 18620 SEL-ANC-SFO-ANC-SEL 
2255 225 226 2 18620 SEL-ANC-SFO-ANC-SEL 
2311 231 232 2 21310 SEL-ANC-ORD-ANC-SEL 
2313 231 232 2 21310 SEL-ANC-ORD-ANC-SEL 
2316 231 232 2 21310 SEL-ANC-ORD-ANC-SEL 
2356 235 236 2 23102 SEL-ANC-ATL-ANC-SEL 
2377 237 238 2 22772 SEL-ANC-LAX-DFW-ANC-SEL 
2434 243 244 2 23679 SEL-ANC-ATL-DFW-ANC-SEL 
2516 251 252 4 22998 SEL-ANC-JFK-ANC-SEL 
2571 257 258 4 22998 SEL-ANC-JFK-ANC-SEL 
2572 257 258 2 22998 SEL-ANC-JFK-ANC-SEL 
2573 257 258 2 22998 SEL-ANC-JFK-ANC-SEL 
2574 257 258 4 22998 SEL-ANC-JFK-ANC-SEL 
2575 257 258 2 22998 SEL-ANC-JFK-ANC-SEL 
2576 257 258 2 22998 SEL-ANC-JFK-ANC-SEL 
2577 257 258 2 22998 SEL-ANC-JFK-ANC-SEL 
2812 281 282 2 21862 SEL-ANC-ORD-YYZ-ANC-SEL 
2816 281 282 2 22021 SEL-ORD-YYZ-SEL 
3113 311 312 2 4156 SEL-HKG-SEL 
3117 311 312 2 4156 SEL-HKG-SEL 
3171 317 318 3 4690 SEL-PUS-HKG-PUS-SEL 
3212 321 322 3 5244 SEL-MNL-SEL 
3213 321 322 3 5244 SEL-MNL-SEL 
3215 321 322 3 5244 SEL-MNL-SEL 
3217 321 322 3 5244 SEL-MNL-SEL 
3336 333 334 3 7174 SEL-SGN-SEL 
3354 335 336 3 9764 SEL-SIN-BKK-SEL 
3532 353 354 2 9764 SEL-SIN-BKK-SEL 
3553 355 356 4 9306 SEL-SIN-SEL 
3554 355 356 3 9306 SEL-SIN-SEL 
3555 355 356 2 9306 SEL-SIN-SEL 
3557 355 356 3 9306 SEL-SIN-SEL 
3671 367 368 2 9368 SEL-KUL-PEN-SEL 
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3672 
3674 
3675 
3677 
3731 
3734 
3836 
3851 
3856 
3872 
5014 
5053 
5056 
5057 
5071 
5111 
5113 
5137 
5156 
5174 
5517 
5533 
5536 
5813 
6014 
6016 
6432 
6435 
6437 
7251 
7255 
9077 
9233 
85514 
85534 
367 
367 
367 
367 
373 
373 
383 
385 
385 
387 
501 
505 
505 
505 
507 
511 
511 
513 
515 
517 
551 
553 
553 
581 
601 
601 
643 
643 
643 
725 
725 
907 
923 
8551 
8553 
368 
368 
368 
368 
374 
374 
384 
386 
386 
388 
502 
506 
506 
506 
508 
512 
512 
514 
516 
518 
552 
554 
554 
582 
602 
602 
644 
644 
644 
726 
726 
908 
924 
8552 
8554 
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9368 
9368 
9368 
9368 
10566 
10566 
7372 
13188 
13188 
7510 
18920 
19084 
19084 
19084 
20232 
19566 
19566 
19908 
19306 
19360 
2452 
1668 
1668 
16804 
4156 
4156 
9934 
9934 
9934 
1668 
1668 
20232 
13206 
2452 
1668 
SEL-KUL-PEN-SEL 
SEL-KUL-PEN-SEL 
SEL-KUL-PEN-SEL 
SEL-KUL-PEN-SEL 
SEL-JKT-SEL 
SEL-JKT-SEL 
SEL-BKK-SEL 
SEL-SIN-CMB-SEL 
SEL-SIN-CMB-SEL 
SEL-DAC-SEL 
SEL-TAS-CDG-SEL 
SEL-TAS-FRA-TAS-SEL 
SEL-TAS-FRA-TAS-SEL 
SEL-TAS-FRA-TAS-SEL 
SEL-TAS-LHR-TAS-SEL 
SEL-TAS-AMS-CPH-TAS-SEL 
SEL-TAS-AMS-CPH-TAS-SEL 
SEL-TAS -B RU-B S L-TAS -SEL 
SEL-TAS-MXP-TAS-SEL 
SEL-TAS-BSL-TAS-SEL 
SEL-NRT-SEL 
SEL-KIX-SEL 
SEL-KIX-SEL 
SEL-SYD-BNE-SEL 
SEL-HKG-SEL 
SEL-HKG-SEL 
SEL-SIN-KUL-SIN-SEL 
SEL-SIN-KUL-SIN-SEL 
SEL-SIN-KUL-SIN-SEL 
SEL-KIX-SEL 
SEL-KIX-SEL 
SEL-TAS-LHR-TAS-SEL 
SEL-MOW-SEL 
SEL-NRT-SEL 
SEL-KIX-SEL 
Aircraft type: 1=B747-4000,2=B747-200F, 3=A300F, 4=MD11F 
The details of arc aggregation are as follows: 
- Routes 02310235 consist of flights 234 and 235, and routes 
2054-2056 consist of flights 205 and 206 respectively, which make 
return trips from Seoul to San Francisco. 
- Routes 20712076 consist of flights 207 and 208, and routes 
2133-2135 consist of flights 213 and 214 respectively, which connect 
Seoul-Anchorage-Los Angeles-Anchorage-Seoul (4 flights). 
- Routes 2151 and 2155 fly from Seoul to Portland via Los Angeles, and 
return to Seoul. 
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Route 2232 consists of flight 223 and 224, and its itinerary is Seoul- 
Narita-Los Angeles-Tokyo(NRT)-Seoul (4 flights). 
Routes 2252 and 2255 consist of flight 225 and 226 which connect 
Seoul-Anchorage-San Francisco-Anchorage-Seoul (4 flights). 
Routes 2311,2313, and 2316 aggregate flight 231 and 232 which 
connect Seoul-Anchorage-Chicago(ORD)-Anchorage-Seoul (4 flights). 
Route 2356 consists of flight 235 and 236, and its itinerary is Seoul- 
Anchorage-Atlanta-Anchorage-Seoul (4 flights). 
In route 2377, flight 237 and flight 238 are aggregated which connect 
Seoul-Anchorage-L. A. -Dallas(DFW)-Anchorage-Seoul (5 flights). 
In route 2334, flight 243 and flight 244 are aggregated which connect 
Seoul-Anchorage-Atlanta- Dallas(DFW)-Anchorage-Seoul (5 flights). 
Route 2516 and routes 2571-2577 aggregate flights between Seoul- 
Anchorage-New York (JFK)-Anchorage-Seoul (4 flights). 
Route 2812 and Route 2816 combine flight 281 and 282, and connect 
Seoul-Anchorage-Chicago(ORD)-Toronto(YYZ)-Anchorage-Seoul, and 
Seoul-Chicago(ORD)-Toronto(YYZ)-Seoul, respectively. 
Routes 3113,3117 and routes 6014,6016 connect Seoul-Hong 
Kong(HKG)-Seoul, and route 3171 connects Seoul-Pusan-Hong 
Kong(HKG)-Pusan-Seoul. 
Routes 3212-3217 consist of flight 321 and 322 which connect Seoul 
and Manila(MNL). 
Route 3336 combines flight 333 and 334 which fly between Seoul and 
Ho Chi Minh(SGN). 
Route 3354 and route 3532 connect Seoul-Singapore(SIN)- 
Bangkok(BKK)-Seoul. 
Routes 3553-3557 aggregate flight 355 and 356 which connect Seoul 
and Singapore. And route 3851 and route 3856 connect Seoul- 
Singapore(SIN)-Colombo(CMB)-Seoul. 
Routes 3671-3677 aggregate flight 367 and 368 which connect Seoul, 
Kuala Lumpur(KUL), and Penang(PEN) and Seoul. 
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Route 3731 and route 3734 consist of flight 373 and 374 which connect 
Seoul and Jakarta(JKT). 
Route 3836 combines flight 383 and 384 which fly between Seoul and 
Bangkok(BKK). 
Route 3872 combines flight 387 and 388 which fly between Seoul and 
Dhaka(DAC). 
Route 5014 connects Seoul-Tashkent(TAS)-Paris(CDG)-Tashkent- 
Seoul. 
Routes 5053,5056, and 5057 combine flight 505 and 506 and connect 
Seoul-Tashkent(TAS)-Frankfurt(FRA)-Tashkent-Seoul. 
Routes 5071 and 9077 connect Seoul- Tashkent(TAS)-London(LHR)- 
Tashkent-Seoul. 
Routes 5111 and 5113 combine flight 511 and 512 and connect Seoul- 
Tashkent(TAS )-Amsterdam(AMS )-Copenhagen(CPH)-Tashkent-Seoul. 
Route 5137 connects Seoul-Tashkent(TAS)-Brussels(BRU)-Basel(BSL) 
-Tashkent-Seoul. And route 5156 consists of flight 515 and 516 which 
fly between Seoul- Tashkent(TAS)-Basel(BSL)-Tashkent-Seoul. 
Route 5174 consists of flight 517 and 518, and its itinerary is Seoul- 
Tashkent(TAS)-Milan(MXP)-Tashkent-Seoul. 
Route 5517 and route 85514 connect Seoul and Tokyo(NRT). 
Routes 5533,5536,7251,7255, and 85534 fly between Seoul and 
Osaka(KIX) 
Route 5813 consists of flight 581 and 582, and its itinerary is Seoul- 
Sydney(SYD)-Brisbane(BNE)-Seoul. 
Routes 6432,6435, and 6437 consist of flight 643 and 644, which 
connect Seoul-Singapore(SIN)-Kuala Lumpur(KUL)- Singapore-Seoul. 
Route 9233 consists of flight 923 and 924, and its itinerary is Seoul- 
Moscow(MOW)-Seoul. 
Node aggregation: 
The purpose of the time line is to conserve what is referred to as `aircraft 
balance' and thus allow for proper connections. As the model does not care if two 
91 
Chapter 4 Application of Neural Network to Air Cargo Fleet Assignment 
arrivals occur consecutively without any departure between the two arrivals, there 
is no benefit in placing arrivals in the time line earlier than the next departure. Also 
there is no benefit in placing a departure in the time line later than the previous 
arrival. If there is a sequence of nodes with arrivals only, or a sequence of nodes 
with departures only, then all of these nodes can be aggregated into a single node. 
This aggregation therefore eliminates several nodes and removes several 
conservation equations (schedule balance constraints) and several integer variables 
for the ground arcs, without loss of information or clarity. Figure 18 provides an 
illustrative example of this node aggregation process. 
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Figure 18 Node aggregation in the time line. 
Minimum connection time: 
Minimum connecting times have to be considered when constructing a 
time-line network. Minimum connecting times mean that there must be a minimum 
interval that must be spent between an arrival and a departure in order to load and 
unload an aircraft. 
The length of these intervals clearly depends on a number of factors. At 
busy congested airports the minimum connecting times are usually longer than at 
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airports where the pressure on facilities is relatively less (e. g. at some of the small 
airports in the US, where online connections can be made in as short a time as 10 
minutes). Connections to/from long haul flights often require greater minimum 
connecting times, because of longer loading and unloading times (Hanlon, 1999). 
In this study, minimum connecting times are set based on the airline's present 
aircraft operation chart. 
4.2.3 Demand and cost estimation 
For a given airline like Korean Air, except for a highly specialised carrier 
serving only one or two markets, one cannot perform an economic analysis easily 
at the market level because of the inherent jointedness in the supply of services 
across many markets. It is not possible, for example, to determine accurately the 
numbers of seats supplied or the average variable cost per seat for a market that is 
imbedded within a network of services. Hence, since the financial contribution of a 
market in a network cannot be empirically determined with accuracy, it may not be 
reasonable to seek optimal profit behaviour in individual markets. Rather, the 
optimisation should be performed over the complete network system of markets 
(Taneja, 1982). 
Besides operating costs, another important element of data related to the 
fleet assignment problem is data on spill cost. For an exact solution, a market share 
model considering the total demand on each route carried by competing airlines 
and other transport modes should be established. But in reality, it is almost 
impossible for such a study, and is certainly beyond the scope of this study. Rather 
spill cost can be estimated based on values that are reckoned to be reasonable by 
airline management. 
In this study the demand forecasting algorithms are not included because 
they would be provided by the yield management system. For the application in the 
actual problem studied here, the mean and standard deviation for each flight route 
is calculated from traffic data supplied by KE, and those are then adjusted to reflect 
nominal demand based on the following criteria: 
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For routes where the largest aircraft (B747-200F) of the airline is flown, the 
spilled demand for this aircraft type could be zero or very small as the airline 
cannot supply an aircraft larger than this one, and thus cannot earn more 
revenue by supplying any other aircraft type. 
The spilled demand for other aircraft types can be simply calculated from the 
historical distribution curve by integrating the area under the curve from the 
payload of each aircraft type to the 100 percent point of the largest aircraft 
(B747-200F). 
If we assume that markets are fully flexible, i. e. if a market has unlimited 
demand, the spills can be values of very large, then it can be regarded as the 
differences between the payloads (tonne-kilometres) of each aircraft type. 
For routes where the smallest aircraft (A300F) of the airline is flown, the 
spilled demands for larger aircraft are unidentifiable, as we do not have any 
related data - though the airline can supply an aircraft larger than this one. In 
addition, the airline can earn more revenue by supplying any other aircraft type 
if there is spilled demand. For this case, simply applying the differences of 
payloads between each aircraft type and the largest aircraft (B747-200F) could 
be an alternative given the assumption of the full flexibility of the market. 
The air cargo fleet of the airline under consideration here, Korean Air, 
consists of the B747-400C, B747-200F, MD11F, and A300F, although there are 
some variations within aircraft types. The main characteristics of each aircraft type 
are summarised in Table 14. For the simplicity of analysis, three variations in the 
B747-200F are considered as a single aircraft type of JT9D-7Q. 
For a period of six months from Ist January 1998 to 30th June 1998, 
following personal contacts with KE, the airline's traffic data have been collected 
from airway-bill records in which origin and destination, date, flight number, 
departure and arrival cities, weight, and category of commodity are included 
(Appendix 1). From the data of about 454,000 records, the weight for each flight is 
summed, then the mean and standard deviation values are calculated for each route. 
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Based on these data, the spilled demand for each route by aircraft type can be 
estimated, using the following equation (revised equation 2.10). 
SP= r=cf (x)(x-C)dx (4.1) 
where C is the maximum payload of the aircraft, and f (x) is the probability 
density function (normal distribution function) of demand x. 
Table 14 Characteristics of Aircraft 
B747 B 747-200 F - 
400 C JT9D- JT9D- JT9D- MD11 F A300 F 7R4G2 7Q 7A 
MTOW (ton) 388.73 377.84 371.95 351.53 285.99 165.00 
Max Payload (ton) 76.34 113.17 113.17 120.57 88.90 43.94 
Max Cargo Weight (ton) 68.90 113.17 113.17 120.57 89.40 43.94 
Max Cargo Volume (CUFT) 10,433 24,255 24,255 24,255 20,778 12,521 
Flight Time 11: 43 10: 23 9: 20 8: 24 11: 34 5: 52 
Range (km) 10,525 9,295 8,234 7,419 10,025 4,799 
Economic Cruise Speed 916 916 905 905 883 840 
(km/h, Mach) 0.85 0.85 0.84 0.84 0.82 0.78 
Max Fuel Capacity 
(US Gallon) 57,285 53,985 53,985 51,131 38,383 16,380 
Fuel Flow (US Gallon/hour) 3,539 3,845 4,131 4,192 2,592 1,976 
Source: Korean Air 
For passenger aircraft, the load factor can be simply calculated by the 
number of occupied seat, but for cargo aircraft it is far more complex because it is 
restricted not only by weight but also by volume. As there is no available data 
which shows the relationship between weight and volume for air cargo carriers, the 
weight factor only is considered for each aircraft's capacity. 
The ideal approach to estimate spill cost is to acquire the revenue data for 
each flight and each route from the airline, but as such data is highly confidential to 
airlines, a single unit rate per tonne-kilometre is assumed in this study. The unit 
revenue per tonne-kilometre is calculated by dividing the annual revenue of the 
international cargo sector by the annual tonne-kilometre performed by the airline, 
and the spill cost is estimated by multiplying the spilled amount with the unit 
revenue, as shown in Table 15. For some routes such as European routes and 
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American routes, the spill cost for the A300F has not been calculated because the 
route lengths exceed the aircraft's flight range. 
Table 15 Demand and Spill Cost Estimation 
R Traffic Data (1998) Estimated Spil l Cost (US $) oute Mean(ton) s. d B747-400C B747-200 F A300 F MD 11 F 
0231 35.12 15.90 98 0 N/A 6 
0233 37.57 14.97 93 0 N/A 5 
0235 37.03 14.69 69 0 N/A 3 
2054 64.92 30.15 29576 2888 N/A 15071 
2056 61.80 28.23 22494 1582 N/A 10463 
2071 69.00 11.66 8400 1 N/A 940 
2072 75.91 15.12 26084 152 N/A 7331 
2073 71.08 32.71 47458 6865 N/A 27025 
2074 66.73 25.69 1015 1612 N/A 12371 
2075 66.76 14.10 9326 8 N/A 1570 
2076 64.28 21.99 18063 451 N/A 6505 
2133 40.06 28.09 5836 183 N/A 2094 
2135 50.26 16.50 1799 1 N/A 239 
2151 61.58 24.57 18289 703 N/A 7275 
2155 64.75 20.63 16351 290 N/A 5429 
2232 77.23 17.62 34906 627 N/A 12511 
2252 68.49 15.52 12907 38 N/A 2899 
2255 67.50 14.19 9781 10 N/A 1732 
2311 77.78 23.23 48585 3133 N/A 23063 
2313 68.98 24.41 31552 1649 N/A 13850 
2316 75.97 15.09 28343 163 N/A 7959 
2356 63.98 20.30 17767 271 N/A 5664 
2377 83.14 18.51 58519 2117 N/A 25214 
2434 86.38 13.76 64260 726 N/A 23316 
2516 58.20 15.48 4820 4 N/A 720 
2571 77.66 22.82 51249 3080 N/A 23931 
2572 56.95 18.57 7449 34 N/A 1693 
2573 63.10 34.84 43345 6166 N/A 24343 
2574 80.49 20.06 53708 2280 N/A 23535 
2575 73.71 8.57 11862 0 N/A 687 
2576 72.90 18.00 29304 414 N/A 9668 
2577 80.97 12.88 40782 135 N/A 11097 
2812 69.13 22.72 29450 1132 N/A 12003 
2816 77.72 14.51 32641 174 N/A 9216 
3113 99.44 6.29 21877 31 52561 10097 
3117 86.75 13.13 11372 102 40545 4009 
3171 50.00 13.00 110 0 9372 5 
3212 39.48 17.89 154 0 6127 18 
3213 38.99 19.59 254 0 6678 40 
3215 33.89 18.04 67 0 3896 7 
3217 41.79 15.69 91 0 6265 7 
3336 26.29 16.62 10 0 2008 1 
3354 43.76 24.82 2447 43 21831 752 
3532 69.28 22.69 13253 510 59732 5407 
3553 34.74 17.14 91 0 6786 8 
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3554 62.51 13.06 2060 0 40343 222 
3555 50.70 16.06 158 0 10426 13 
3557 81.26 12.75 16796 54 79156 4568 
3671 63.75 12.49 2188 0 42926 218 
3672 57.72 16.27 2181 3 33257 368 
3674 60.71 15.24 2581 2 38030 409 
3675 65.83 11.06 2160 0 46941 159 
3677 60.48 16.74 3287 8 38354 657 
3731 50.05 23.24 3608 56 N/A 1096 
3734 50.89 27.27 6202 252 N/A 2440 
3836 42.10 20.56 687 2 12288 136 
3851 77.35 14.58 19039 100 N/A 5340 
3856 84.40 17.57 35354 1123 N/A 14990 
3872 55.10 24.46 4453 123 27957 1597 
5014 52.86 20.77 5783 48 N/A 1502 
5053 51.85 19.09 3919 15 N/A 825 
5056 64.42 15.64 8735 17 N/A 1715 
5057 59.43 14.84 4093 2 N/A 569 
5071 54.41 18.26 4713 15 N/A 958 
5111 64.87 23.72 21460 814 N/A 8594 
5113 64.99 17.18 11692 57 N/A 2860 
5137 58.58 17.39 6311 18 N/A 1296 
5156 67.67 17.43 2928 1 N/A 343 
5174 45.48 15.13 509 0 N/A 40 
5517 88.77 9.47 7180 8 25049 2075 
5533 90.16 15.50 5854 179 17570 2598 
5536 79.25 23.14 4090 279 13664 1976 
5813 59.24 17.13 5483 15 N/A 1111 
6014 40.63 15.76 60 0 4518 5 
6016 48.38 19.29 600 2 9583 118 
6432 45.31 20.24 1245 5 19871 255 
6435 44.78 19.33 941 2 18424 169 
6437 42.97 18.70 628 1 15812 97 
7251 39.69 17.01 36 0 1852 4 
7255 34.61 15.97 9 0 1050 1 
9077 31.78 17.80 163 0 N/A 15 
9233 30.25 20.79 291 0 N/A 44 
85514 73.05 22.16 4075 172 16813 1724 
85534, 73.30 24.72 3199, 212, 11700 1506 
Other important costs considered in the air cargo fleet assignment problem 
under discussion here include operating costs such as crew cost, fuel cost, 
maintenance cost, and airport charges. Although these data could be collected 
easily from the airline's accounting ledger, there were great difficulties in trying to 
obtain these from the airline; as a result, some of the costs have been estimated on 
the block hour basis for each aircraft type using U. S based aircraft operating data 
extracted from, for example, `Air Transport World'. As each cost varies for each 
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airline, country, and foreign exchange rate, etc., the costs in the table may not 
accurately reflect the Korean Air's real cost structures. Expert judgement, however, 
suggest that they are reasonable estimates. 
As shown in Table 3, the most significant element among operating costs is 
fuel cost. The fuel cost for each route by aircraft type has been calculated by 
multiplying the fuel flow rate shown in Table 14 by flying times, and average fuel 
price per gallon for international scheduled services shown in Table 16. 
Table 16 Fuel Cost 
(unit: Cents/gallon) 
Type of operation Jan-98 Feb-98 Mar-98 Apr-98 May-98 Jun-98 Average 
Domestic Service 
Scheduled 56.28 53.95 50.33 50.35 50.12 48.48 51.59 
Non-scheduled 66.49 64.04 62.21 62.81 56.14 54.63 61.05 
Total domestic 56.84 54.81 51.14 51.20 50.50 48.90 52.23 
International 
Service 61.54 57.60 53.85 52.32 53.28 51.82 55.07 
Scheduled 78.34 76.76 73.89 75.80 73.86 75.58 75.71 
Non-scheduled 62.86 59.77 55.80 54.50 55.09 54.24 57.04 
Total international 
-1 
1 
System total 58.44 56.13 52.38 52.09 51.77 50.37 53.53 
Source: Air Transport World, various issues 
The second most significant element of operating cost is maintenance. As 
discussed in Chapter 2, maintenance requirements depend on the age and type of 
aircraft and the route structure. In addition to transit checks and pre-flight/post- 
flight checks (PRPO checks) which are carried out on each flight and overnight, 
various categories of maintenance check (such as component checks (A), monthly 
checks, and periodic heavy maintenance (C and D)) make it very difficult to assign 
costs to each flight. The maintenance cost of an individual flight has therefore been 
calculated on the basis of block hours. 
Table 17 shows maintenance cost by aircraft type per block hour, again 
based on US passenger carriers. It has been assumed that B747 series aircraft 
require the same amount of maintenance and incur similar maintenance costs. 
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Table 17 Aircraft Maintenance Cost (1998) 
(unit: US $/block hour) 
B747-400 A300 MD 11 
Direct Maintenance Labour & material 
Maintenance-outside & overhead 
356 
773 
550 
573 
402 
510 
Sum 1,129 1,123 912 
Source: Air Transport World, Nov. 1999 
For estimating crew costs, with the complex and highly confidential nature 
of Korean Air's crew cost, about 70% of US passenger carriers' crew cost per 
block hour has been applied as the ratio of crew cost to total operating cost, 
primarily because KE's crew cost is lower than that of western airlines. 
Table 18 Crew cost (1998) 
B747-400 A300 MD 11 
Crew cost per block hour (US $/h) 
KE's crew cost per block hour (US $/h) 
1,583 
1,108 
794 
556 
1,139 
797 
Source: Air Transport World, Nov. 1999 
Airport charges and air navigation facility charges can be easily calculated 
from the ICAO document "Manual of Airport and Air Navigation Facility Tariffs" 
(1998). 
Table 19 summarises the estimated operating costs by each aircraft type 
when the aircraft is assigned to all routes to show the overall percentage of each 
cost category; on average, fuel accounts for 43%, maintenance for 27%, crew cost 
for 23%, and airport charges for 7% of total operating costs. 
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Table 19 Operating Costs 
Fuel 
cost 
Maintenance 
cost 
Crew 
cost 
Airport 
charges 
Total 
Cost B747-400C 3,259,083 1,843,093 1,808,973 560,009 7,471,158 
(US $) B747-200F 3,713,842 1,843,093 1,808,973 541,476 7,907,384 
A300 F 1,776,459 1,488,840 907,344 288,416 4,461,059 
MD11 F 2,330,254 1,833,298 1,301,592 431,464 5,896,608 
Total 11,079,639 7,008,323 5,826,882 1,821,365 25,736,209 
Percen B747-400C 43.62 24.67 24.21 7.50 100.00 
-tage B747-200F 46.97 23.31 22.88 6.85 100.00 
(°lo) A300 F 39.82 33.37 20.34 6.47 100.00 
MD 11 F 39.52 31.09 22.07 7.32 100.00 
Total 43.05 27.23 22.64 7.08 100.00 
Estimates of total cost by aircraft type and route are shown in Table 20; the 
total operating costs and the sum of spill costs and operating costs are also shown 
by route and aircraft type. 
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Table 20 Total cost by aircraft type and route 
(unit: US $) 
Operating costs Total Cos t (Spill cost + Oper tincost) 
Route B747- B747- A300 F MD 11 F B747- B747- A300 F MD 11 F 
400C 200 F 400M 200 F 
231 100986 107302 61240 78958 101084 107302 #N/A 78964 
233 100986 107302 61240 78958 101079 107302 #N/A 78963 
235 100986 107302 61240 78958 101055 107302 #N/A 78961 
2054 98135 104294 59536 76727 127711 107182 #N/A 91798 
2056 98135 104294 59536 76727 120630 105875 #N/A 87190 
2071 98769 104782 60061 76681 107168 104783 #N/A 77621 
2072 98769 104782 60061 76681 124853 104934 #N/A 84012 
2073 98769 104782 60061 76681 146226 111647 #N/A 103706 
2074 98769 104782 60061 76681 99784 106394 #N/A 89051 
2075 98769 104782 60061 76681 108095 104790 #N/A 78251 
2076 98769 104782 60061 76681 116832 105233 #N/A 83186 
2133 98769 104782 60061 76681 104604 104965 #N/A 78775 
2135 98769 104782 60061 76681 100568 104783 #NIA 76920 
2151 109937 116722 66688 85705 128226 117425 #N/A 92980 
2155 109937 116722 66688 85705 126288 117013 #N/A 91134 
2232 135927 142471 83143 103456 170834 143098 #N/A 115967 
2252 106033 112586 64449 82537 118941 112624 #N/A 85436 
2255 106033 112586 64449 82537 115814 112596 #N/A 84269 
2311 125922 134170 76457 97974 174508 137303 #N/A 121037 
2313 125922 134170 76457 97974 157474 135819 #N/A 111824 
2316 125922 134170 76457 97974 154266 134334 #N/A 105933 
2356 129465 137635 78557 101251 147232 137906 #N/A 106915 
2377 122776 130012 74489 95098 181295 132129 #N/A 120312 
2434 133521 141809 81057 104046 197781 142535 #N/A 127363 
2516 134210 142326 81706 104005 139031 142330 #N/A 104726 
2571 134210 142326 81706 104005 185459 145407 #N/A 127936 
2572 134210 142326 81706 104005 141659 142360 #N/A 105698 
2573 134210 142326 81706 104005 177555 148492 #N/A 128349 
2574 134210 142326 81706 104005 187919 144607 #N/A 127541 
2575 134210 142326 81706 104005 146073 142326 #N/A 104692 
2576 134210 142326 81706 104005 163514 142741 #N/A 113673 
2577 134210 142326 81706 104005 174992 142462 #N/A 115103 
2812 139557 148145 84751 108715 169007 149277 #N/A 120717 
2816 147325 156860 89567 114430 179966 157034 #N/A 123647 
3113 35483 37212 22511 26708 57360 37243 75072 36805 
3117 35483 37212 22511 26708 46855 37314 63056 30717 
3171 48096 50228 30557 35471 48206 50228 39929 35477 
3212 35690 39700 23351 28483 35845 39700 29478 28501 
3213 35690 39700 23351 28483 35945 39701 30029 28523 
3215 35690 39700 23351 28483 35758 39700 27247 28490 
3217 35690 39700 23351 28483 35781 39700 29616 28490 
3336 49880 52535 30991 37571 49890 52535 32999 37572 
3354 58163 61138 35847 43745 60611 61180 57678 44496 
3532 61934 65274 38190 46813 75187 65784 97921 52220 
3553 59147 62507 36232 45085 59238 62507 43018 45093 
3554 59147 62507 36232 45085 61206 62507 76575 45308 
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3555 59147 62507 36232 45085 59304 62507 46658 45098 
3557 59147 62507 36232 45085 75943 62560 115388 49653 
3671 65215 68580 40146 48679 67402 68580 83072 48897 
3672 65215 68580 40146 48679 67396 68582 73403 49047 
3674 65215 68580 40146 48679 67796 68582 78176 49088 
3675 65215 68580 40146 48679 67375 68580 87087 48838 
3677 65215 68580 40146 48679 68502 68588 78500 49336 
3731 64798 68540 39710 49434 68407 68596 #N/A 50530 
3734 64798 68540 39710 49434 71000 68792 #N/A 51874 
3836 50444 53377 30985 38797 51131 53380 43273 38932 
3851 81834 86266 50002 62244 100873 86366 #N/A 67584 
3856 81834 86266 50002 62244 117188 87389 #N/A 77234 
3872 55173 58142 33870 41433 59626 58266 61827 43030 
5014 130228 135695 80642 100286 136012 135743 #N/A 101788 
5053 127810 135020 80467 99170 131729 135035 #N/A 99995 
5056 127810 135020 80467 99170 136545 135037 #N/A 100885 
5057 127810 135020 80467 99170 131903 135022 #N/A 99739 
5071 134548 142477 84435 106159 139261 142492 #N/A 107117 
5111 137258 144676 86614 105852 158718 145491 #N/A 114446 
5113 137258 144676 86614 105852 148950 144734 #N/A 108712 
5137 138015 145404 86856 106035 144325 145422 #N/A 107331 
5156 121980 128789 76491 95073 124908 128790 #N/A 95416 
5174 129286 136481 81301 100170 129795 136481 #N/A 100210 
5517 27872 28535 18469 19160 35052 28544 43518 21235 
5533 22755 23107 15362 15181 28609 23286 32932 17779 
5536 22755 23107 15362 15181 26845 23386 29026 17157 
5813 97968 103424 60285 74183 103451 103439 #N/A 75294 
6014 34785 36460 22085 26150 34845 36460 26603 26155 
6016 34785 36460 22085 26150 35385 36462 31668 26268 
6432 34785 36460 22085 26150 36029 36465 41956 26405 
6435 34785 36460 22085 26150 35726 36462 40509 26319 
6437 35683 37839 22112 26905 36311 37840 37924 27002 
7251 22755 23107 15362 15181 22791 23107 17214 15185 
7255 22755 23107 15362 15181 22763 23107 16412 15182 
9077 134548 142477 84435 106159 134711 142477 #N/A 106173 
9233 83349 88155 51902 64315 83640 88155 #NIA 64359 
85514 27872 28535 18469 19160 31947 28707 35282 20884 
85534, 22755, 23107, 15362, 15181, 25954, 23319 27062 16687 
4.2.4 Model Formulation 
Having established a database for Korean Air cargo's operations, it is now 
possible to tackle the formulation of the model. The air cargo fleet assignment 
problem was formulated as a mixed integer programming problem which 
minimises operating costs and spill cost. The formulation is shown in detail in the 
accompanying Appendix 3, and can be expressed as follows: 
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K 
Minimise E 2: GkXik 
k=1 ieAf 
(4.2) 
It is essentially the same structure as that outlined in Chapter 2, Section 
2.4.2, with the following notation applying: 
S: set of nodes 
Af: set of flight arcs 
Ag : set of ground arcs 
D(s) : set of flight arcs from node s 
A(s) : set of flight arcs to node s 
Ao : set of wrap-around arc 
Am : set of flight in the air at Friday night 
K: number of fleets (k=1, ..., K) 
SIZE(k): number of aircraft available for type k 
OUTOF(s) : ground arc from node s 
INTO(s) : ground arc to node s 
Y,,: decision variable for ground arc i and fleet k, (>_ 0) 
X; k : decision variable for flight arc i and fleet k, (= 0 or 1) 
C; k : cost of assigning fleet k to flight i 
The objective function is the minimisation of operating cost and spill cost 
where the decision variables are aircraft type by route flown; the variable is `one' 
when the aircraft type is selected for the route, and `zero' otherwise. As with all 
such models, the object function is subject to one or more constraints, as follows: 
Subject to: 
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(a) Schedule balance constraints: these are embedded in the model from the 
time line network. These equations ensure the fleet flow into a nodes and out of a 
node are equivalent, and eventually to be a circulation: 
IX ik +YOUTOF(s)k - 
Yj Xik 
-YYMO(s)k =0 for all seS and k =1, ... ,K (4.3) 
IED(a) ! EA(t) 
(b) Flight coverage constraints: these enforce each route to be flown by 
exactly one fleet: 
K 
X; k =1 for all iEAf k=1 
(4.4) 
(c) Fleet size constraints: these count the number of aircraft in each fleet 
used by the optimisation solution: 
jY. 
k + 
jX; 
k <_ SIZE(k), k =1,..., K (4.5) iEAo iEA, 
(d) `Required through' constraints: these ensure that the routes of each 
`required through' to be flown by aircraft of the same fleet. On the basis of the arc 
aggregation process described in Section 4.2.2, a number of these constraints are 
eliminated for return flights. Further `required through' constraints are set in the 
case of routes with multiple flights in a week, and where only one aircraft type is 
flown on the route. 
X .kýX . k= 0 for all (i, j) EH and k, (4.6) ý 
where H is the `required through' set. 
(e) The final set of constraints are binary decision variable constraints for 
flight arcs to be 0 or 1, and non-negativity variable constraints for ground arcs to be 
0 or positive integer: 
X; k =0 or 1 for all iEAf; k=1,..., K 
Y. k >_ 0 for all ie AB ; k=1,..., K 
(4.7) 
(4.8) 
Incorporating the above constraints, the air cargo fleet assignment problem 
can be constructed as a zero-one integer programming problem with 485 variables 
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and 363 constraints. The complete formulation is shown in Appendix 3 and a 
summary in Table 21. 
Table 21 Size of air cargo fleet assignment problem 
Number of flights 168 
Number of variables 
" Flight arcs 
" Ground arcs 
485 
285 
200 
Number of schedule balance constraints 200 
Number of flight coverage constraints 84 
Number of fleet size constraints 4 
Number of `required through' constraint 75 
4.2.5 LINDO Solution 
The above air cargo fleet assignment problem was solved successfully by 
the branch-and-bound method using LINDO, a well-known commercial 
optimisation software package. A summary of the results is shown in Table 22. The 
solution showed that the objective function value - which is the sum of operating 
cost and spill cost for one week - was reduced by 3.02%, or US$ 225,492 for the 
week or almost US$ 12 million for a year (the amount is equivalent to about 1.26% 
of annual revenue), which is a non-trivial amount in today's highly competitive air 
cargo market. According to the solution, the number of routes operated by the 
B747-400C fleet was reduced from 12 to 8, with one more route being assigned to 
the A300F fleet, and three more routes to the MD11F fleet. The distances flown by 
aircraft type on a weekly basis are also changed: for the B747-400C, a reduction of 
0.45%; for the B747-200F, a reduction of 1.78%; for the A300F, a reduction of 
5.49%; and for the MD11F, an increase of 8.18%. For the average distance 
travelled by each aircraft, the A300F is reduced from 38,049km to 35,962km 
whereas that of the MD11F is increased from 75,607km to 81,790km. The optimal 
solution was found after 851 iterations, and the elapsed solution time using a 
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Pentium-350 PC was only 2 seconds. These results imply that Korean Air's 
schedule planners may need to make greater use of their MD 11's in the short term, 
and to consider replacing some B747-400O's with MD11F's in the longer term. 
Table 22 Summary of optimal air cargo fleet assignment solution 
Existing Optimal solution Change % 
Weekly cost($) 7,463,455 7,237,963 -225,492 -3.02 
Number of assigned 
routes by aircraft type 
- B747-4000 12 8 -4 -33.33 
- B747-200F 48 48 0 0.00 
- A300F 11 12 1 9.09 
- MD11F 13 16 3 23.08 
Distance flown by 
aircraft type (km) 
- B747-4000 129,188 128,600 -588 -0.46 
- B747-200F 776,436 762,747 -13,789 -1.78 
- A300F 76,908 71,924 -4,174 -5.49 
- MD11F 226,820 245,371 18,551 8.18 
Distance flown by 
each aircraft (km) 
- B747-400C 64,594 64,300 -294 -0.46 
- B747-200F 70,585 69,332 -1,254 -1.78 
- A300F 38,049 35,962 -2,087 -5.49 
- MD11F 75,607 81,790 6,184 8.18 
Iteration 851 
Elapsed time 0: 00: 02 
As shown in the Table 23, the optimal solution swapped aircraft type on 32 
routes (37.2%). 
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Table 23 Optimal air cargo fleet assignment solution 
Aircra ft Type 
A l M d l h C Route Existing Model ctua cost o e cost ange ost c 
X0231 B747-400C B747-400C 101084 101084 0 
X0233 B747-400C B747-400C 101079 101079 0 
X0235 B747-400C B747-400C 101055 101055 0 
X2054 B747-200F B747-200F 107182 107182 0 
X2056 B747-200F B747-200F 105875 105875 0 
X2071 MD11F B747-200F-,,, ý 77621 104783 27162 
X2072 MDI 1F B747-20OF -1 84012 104934 20922 
X2073 B747-200F B747-200F 111647 111647 0 
X2074 <MD11F - B747-200Fä" 89051 106394 17343 
X2075 B747-200F B747-200F 104790 104790 0 
X2076 MD1IF : °' `B747-200F, ' 83186 105233 22047 
X2133 MDIIF MDIIF 78775 78775 0 
X2135 MD 11 F MD 11 F 76920 76920 0 
X2151 B747-200F B747-200F 117425 117425 0 
X2155 i'°B747-20017 MD 11 F' 117013 91134 -25878 
X2232 B747-200F B747-200F 143098 143098 0 
X2252 B747-200F B747-200F 112624 112624 0 
X2255 B747-200F B747-200F 112596 112596 0 
X2311 B747-200F B747-200F 137303 137303 0 
X2313 B747-200F B747-200F 135819 135819 0 
X2316 B747-200F B747-200F 134334 134334 0 
X2356 B747-200F B747-200F 137906 137906 0 
X2377 B747-200F B747-200F 132129 132129 0 
X2434 B747-200F B747-200F 142535 142535 0 
X2516 '. MD11F IF,, B747-4000 104726 139031 34305 
X2571 -f MD11F 1B747-200F. n 127936 145407 17471 
X2572 , _B747-200F MD11F -° 142360 105698 -36662 X2573 B747-200F B747-200F 148492 148492 0 
X2574 MD11F: ` B747-200Fý 127541 144607 17066 
X2575 : °B747-200F= MD11Fý°. ý°, 142326 104692 -37634 
X2576 B747-200F B747-200F 142741 142741 0 
X2577 B747-200F B747-200F 142462 142462 0 
X2812 B747-200F B747-200F 149277 149277 0 
X2816 B747-200F B747-200F 157034 157034 0 
X3113 B747-200F B747-200F 37243 37243 0 
X3117 B747-200F B747-200F 37314 37314 0 
X3171 A300F A300F 35477 39929 4452 
X3212 A300F A300F 28501 29478 977 
X3213 A300F A300F 28523 30029 1505 
X3215 A300F A300F 28490 27247 -1243 
X3217 A300F A300F 28490 29616 1126 
X3336 A300F A300F 37572 32999 -4573 
X3354 A300F A300F 44496 57678 13182 
X3532 B747-200F B747-200F 65784 65784 0 
X3553 MD11F : . A300F, ', 45093 43018 -2076 
X3554 ZA300F MD11F 76575 45308 -31267 
X3555 B747-200F -`A300F 62507 46658 -15849 
X3557 A300F . ý'ý B747-200F`:, 115388 62560 -52828 
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X3671 B747-200F B747-400O`; 68580 67402 -1177 X3672 B747-200F B747-200F 68582 68582 0 
X3674 B747-200F B747-200F 68582 68582 0 
X3675 B747-200F B747-200F 68580 68580 0 
X3677 MD11F"" ° B747-400C" 49336 68502 19166 
X3731 MD 11F MD IIF 50530 50530 0 
X3734 MD IIF MD IIF 51874 51874 0 
X3836 A300F A300F 43273 43273 0 
X3851 B747-200F B747-200F 86366 86366 0 
X3856 B747-200F B747-200F 87389 87389 0 
X3872 >A300Fý -, i 1` MD 11F .' 61827 43030 -18797 
X5014 B747-200F B747-200F 135743 135743 0 
X5053 B747-200F B747-200F 135035 135035 0 
X5056 B747-200F B747-200F 135037 135037 0 
X5057 B747-200F B747-200F 135022 135022 0 
X5071 B747-200F B747-200F 142492 142492 0 
X5111 `r, B747-200F ` = MD 11F 145491 114446 -31045 
X5113 6': B747-200F- : MDI1F, ý 144734 108712 -36022 
X5137 = B747-200F"_ MD11F 145422 107331 -38091 
X5156 sB747-200F . 
MDIIF". ' 128790 95416 -33374 
X5174 B747-200F . B747-400C ". 136481 129795 -6686 X5517 'B747-200F,. MDI IF, -, ", " 28544 21235 -7309 
X5533 B747-200F B747-200F 23286 23286 0 
X5536 B747-200F B747-200F 23386 23386 0 
X5813 B747-200F B747-200F 103439 103439 0 
X6014 'B747-400C' ý, B747-200F-ß 34845 36460 1615 
X6016 " B747-400C B747-200F, _ß" 35385 36462 1077 
X6432 , B747-400C "i B747-200F ' 36029 36465 436 
X6435 . `'B747-400C. 'B747-200Fý: ' 35726 36462 736 
X6437 B747-400C> B747-200F , 36311 37840 1529 
X7251 °: "B747400C '-A300F. `. " {. 22791 17214 -5577 
X7255 B747-400C, A300F ', 22763 16412 -6351 
X9077 ': B747-4000.. MDI1F a: - 134711 106173 -28537 
X9233 B747-400C B747-400C 83640 83640 0 
X85514 B747-200F B747-200F 28707 28707 0 
X85534 B747-200E<$ MD11F 23319 16687 -6632 
Objective value $7,463,455 $7,237,963 -$225,492 
4.3 Neural Network for Air Cargo Fleet Assignment 
A neural network model for the air cargo fleet assignment problem 
formulated in the previous section was devised using the penalty function method. 
As shown in Chapter 3, Section 3.5.1, optimisation problem solution process using 
neural network is based on four basic stages: 1) formulation of an energy function 
based on the objective function and constraints of the optimisation problem, 2) 
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derivation of a dynamic equation of the neural network, 3) determining the 
architecture of the neural network, and 4) simulation to test the performance of the 
neural network. 
4.3.1 Formulating the Energy Function 
The energy function of an optimisation problem can be formulated by 
combining the objective function with constraints in square form with penalty 
parameter as presented in Chapter 3, Section 3.6. The energy function based on the 
air cargo fleet assignment model which has been formulated in a mixed integer 
programming problem in Section 4.2.4 can be defined as follows: 
K 
E(X'Y)=Ya YaCikX; k=I ieAf 
+, 
2 
Ylý ýjXik 
- 
ýjXik 
+YOUTOF(s)k -YINTO(s)k 
ks lreD(s) ieA(s) 
+L21: SIZE (k)-Ya Yk - 1: Xik 2k ie A, iE A,,, 
+ k23 (Xik -Xjk) 
k i, j 
+L4 1: 
2: Xik 
i 
2 -1 
i k=l 
+k, 2: 2: Xik2(1-Xik)2 2ki 
ýý 4 (Yk i -IYkýk) 
where, 
S: set of nodes 
Af : set of flight arcs 
Ag : set of ground arcs 
1 
1 
(4.9) 
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D(s) : set of flight arcs from node s 
A(s) : set of flight arcs to node s 
Ao : set of wrap-around arc 
Am : set of flight in the air at Friday night 
K: number of fleets (k=1, ..., K) 
SIZE(k): number of aircraft available for type k 
0UTOF(s) : ground arc from node s 
INTO(s) : ground arc to node s 
Y,. k : decision variable for ground arc i and fleet k, (>_ 0) 
X; k : decision variable for flight arc i and fleet k, (= 0 or 1) 
Gk : cost of assigning fleet k to flight i 
In the above energy function, the first term is the objective function of the 
original problem (equation 4.2), and all constraints (equations 4.3 - 4.8) are added 
to the energy function with parameters in the form of a square. The second term 
enforces the schedule balance constraints, the third term are aircraft count 
constraints, and the fourth term reflects the `required through' constraints. The fifth 
term is the flight coverage constraints, which ensure only one aircraft type is to be 
assigned to each flight, and the sixth term is added to eliminate zero-one 
constraints. The final term is for ground arcs which may have non-negative integer 
values to be positive. 
In the sixth penalty term, the trajectory of the function X; k2 (1 - X; k )2 is 
shown in Figure 19. The function reaches its highest bound of 0.0625 at X=0.5, 
and falls to zero as it saturates at either X=0 or X=1. 
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Figure 19 Trajectory of binary penalty term 
Figure 20 shows the trajectory of the positive penalty term - the penalty is 
large when the decision variable is negative, but falls to zero when the decision 
variable is zero or positive. 
Figure 20 Trajectory of positive penalty term 
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These term cause a high cost if any constraint is violated. All constraints are 
eliminated by increasing the objective function by a quantity which depends on the 
amount by which the constraints are violated. Eventually, each term promotes the 
function to move to the minimum. 
Although these variables are supposed to have integer values, a proper 
technique has yet to be developed, other than the binary transformation technique. 
Previous research on integer programming solutions using neural networks have 
been applied to combinatorial optimisation problems only, with small size 
examples (Tagliarini, et al, 1991, Looi, 1992, Wang, 1992, Urahama, 1994, Gong 
et al, 1995, Liang, 1996, Watta et al, 1996, Cavalieri, 1997, Wang, 1997, Walsh et 
al, 1999). It has been assumed that the values of the ground arc variables are 
integers if the flight arc variables converge to either zero or one. 
Watta et al (1996) have discussed this issue and concluded that the 
condition of zero or one values is not restrictive because, with a suitable binary 
transformation, any integer variables can be cast in the form of binary variables. 
The original integer programming problem can therefore be transformed into an 
equivalent non-linear programming problem by replacing zero-one constraints with 
quadratic concave equality constraints, as follows: 
If the bounds of an integer variable x are 0 <_ x <_ it, where 2" <_ u: 5 2m", 
then its binary representation is 
N 
1: 2'y;, (4.10) 
i=o 
where the y; variables are auxiliary variables. 
For an integer programming problem where all the variables are general 
integer variables, it would be possible to use a technique to reduce the problem to a 
binary integer problem. However, this is not advisable for most cases because of 
the explosion in the number of variables involved which can make the model 
computationally infeasible (Hiller and Lieberman, 1990). Although it is not a good 
strategy, binary representation has been tried as well to ensure that all variables are 
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integer. In this case, the last term of the energy function can be removed and the 
fifth term should be applied to ground arcs as well as follows: 
ks 
Xik2(1-X; k)2+ýY,. k2(1-Y, k)2 2kiki (4.11) 
An alternative way of building the energy function is using min function. In 
equation 4.9, each penalty term causes the function value to be increased if the 
constraint is not satisfied, i. e., if the term is not exactly zero. In this case, min 
function lessens the condition of constraints being zero. This function could be 
used especially for aircraft count constraints when it is possible to assign smaller 
number of aircraft to the network than an airline's available number of aircraft 
fleet. 
K 
E(X, Y)=1: 1: CikXik 
k=l iEAf 
+ 
L' 1 min 0, 
1: X 
ik -IX ik 
+YOUTOF(s)k -Y/NTO(s)k 
S iED(S) iEA(S) 
+ 
L2 ý min 0, SIZE(k) - ýY,. k -ýX ik k iEA, iE4 
+ 
k' 2: 1: [min{0, Xrk - X; k Jr 2ki. jeH 
2 
+ 
k4 
1: min 0,1 X; k -1 2wA, 
+k5 Xik2(1-Xik)2 
2k 
fEAf 
+L6 ýý(Yk2 IYký; k 
k ieAs 
11 
1' (4.12) 
For the binary representation of this approach, the last two terms of the 
energy function can be replaced with equation (4.11). 
ki 
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4.3.2 Deriving the Differential Equation 
According to the above unconstrained optimisation objective function, the 
dynamic system of differential equations using the penalty function method based 
on a neural network is derived as follows for each of the flight arc and ground arc 
variables. Thus, the neural network model to solve the fleet assignment problem 
constitutes two kinds of neuron - one for flight arcs and the other for ground arcs. 
Cik + %Cl 
ý Y, X 
ik - 
2: Xik + YOUTOF(s)k - 
Y/MO(s)k 
s iED(s) iEA(s) 
dXik 
- .. dt 
-µ 
r 
-k2tSIZE(k)-X, k-ýY. kJ+ k3 I (Xlk-X; k) IEA,,, IEAo I, jEH 
k4 TX; k -'I+ k3X; 1(1-X; 1)(1-2X; 1) 
r 
dY. k- .. dt _µ 
X 
ik -ýX ik 
+YOUTOF(s)k -YlNCO(s)k 
s ieD(s) ieA(s) 
11 
-k2 SIZE(k) -1: X; k -ji Y. k +ksýY, ý -IY,. ýI} iEA,,, IEAo 
(4.13) 
(4.14) 
For the binary representation, further constraints have to be added to the 
ground arcs to bundle the auxiliary variables. From equation (4.10), variables for 
ground arcs (y, ) can be represented in binary form as shown in Table 24 - one 
additional constraint for each ground arc needs to be included. 
IEA,,, IEAo j I, jEH 
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Table 24 Binary representation of ground arc variables 
Number of 
aircraft (u) 
Range N Binary representation Auxiliary constraints 
2-4 2' <-u<22 1 y; =zo+2z, min(O, u- zo - 2z, ) 
min(O, u- zo - 2z, 5-8 2'-< u<-23 2 y; =zo+2z, +4z2 
-4z2) 
min(0, u- zo - 2z, 9-16 23<-u<-24 3 y; =zo+2z, +4z2+8z3 _4z2-8z3) 
In this case the differential equations for ground arcs can be replaced with 
the differential equation for the auxiliary variables. 
dz, 
_ -µ 
k, {schedule balance} +k2 {fleet size} 
dt +ksz, (1-z; )(1-2z) +k6{auxiliary constraint} 
(4.15) 
An equivalent dynamic system of differential equations for the energy 
function (equation 4.12) using min function is as follows: 
r 
dX; k = _µ dt 
dY. k = _u dt 
C; k + kl miný0, 
ýI EXik -ýX ik +YOUTOF(s)k - 
YINTO(s)k 
S IIEU(S) ieA(s) 
-k2 min O, SIZE(k) - X; k - Y"k + k3 min 0,1 (X; k - 
X; k / 
IE A. ieA0 1. JEH 
+k, min 01 2: Xik -1} +k5X11(1-X. )(1-2X. ) 
k JJ 
k, min 0,1 1 Xik - 2: X ik +YOUTOF(s)k -YIMO(s)k 
s ieD(s) ieA(s) 
-k2 min 0, SIZE(k) - 
2: Xik -ýYik +ksf ý -IY,. iI} ieAM leAo 
4.3.3 Building Neural Network Architecture 
A 
Sl ! ED(S) ieA(s) 
(4.16) 
(4.17) 
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The architecture of the neural network was determined in terms of the 
neurone and connections based on the previously formulated energy function and 
the set of differential equations. 
On the basis of the set of differential equations (4.13)(4.17), the associated 
dynamic solver was constructed. Its simplified functional block diagram is shown 
in Figure 21. The network consists of integrators, summing amplifiers, and 
building blocks representing constraints. The network consists of two layers of 
processing unit. Starting from the initial values of the variables, the first layer 
computes constraints, while the desired variables are computed in the second layer 
where errors from constraints are combined and integrated through time. Then, 
there is feedback of the computed values of variables to the first layer, and the 
model continues its iteration. There are as many connection links between the 
output layer and the first layer as the number of variables. Integrators solve the 
dynamic system of differential equations derived in 4.3.2. 
xi 
X2 
0-1 Variable 
integrator xII 
Y, 
Y2 
Figure 21 Neural network architecture for air cargo fleet assignment problem 
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4.4 Computation and Performance 
The air cargo fleet assignment problem, which was formulated as a mixed 
integer programming problem and solved by LINDO using a branch-and-bound 
algorithm in Section 4.2, has been programmed as an equivalent neural network 
model as shown in Appendix 4. The number of variables and constraints in the 
neural network with positive restrictions on ground arcs are the same as the mixed 
integer programming model. After binary representation, the number of variables 
exploded to 735, and an additional 200 auxiliary constraints were added, which 
eventually made the program more lengthy and very complex. 
The principal of transforming the general positive integer variables for 
ground arcs into binary variables was shown in Equation (4.10) and its examples 
were shown in Table 24. As the upper bound of the integer variables glows, binary 
representation requires additional auxiliary variables. Although in the original 
problem the maximum of the upper bound is 11 (number of aircraft in the largest 
fleet), it was adjusted to 7 to lessen complexity, because the LINDO solution 
showed the maximum value of ground arc variables to be 5, and it is not reasonable 
to presume all the aircraft being parked on the ground at the same time. 
Table 25 Problem Size of Neural Network Models 
Original 
problem 
NN model 
NN with binary 
representation 
Number of flights 168 168 168 
Number of variables 
" Flight arcs 
" Ground arcs 
485 
285 
200 
485 
285 
200 
735 
285 
450 
Schedule balance constraints 200 200 200 
Flight coverage constraints 84 84 84 
Fleet size constraints 4 4 4 
Required through constraint 75 75 75 
Auxiliary constraints 0 0 200 
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The two neural network models - with and without binary representation - 
were implemented using a Pentium3-450 PC, with varying penalty parameters and 
time steps for solving differential equations. The learning rate was set at 2, a value 
based on previous research results, and penalty parameters were varied from 200 to 
2000000. To solve the differential equations, initial values of decision variables 
were set to zero. Table 26 presents a summary of the neural network 
implementations without binary representation. With small parameter values, the 
model could not allow variables to converge to zero or one; with increasing 
parameter values, computation time increased dramatically although variables did 
eventually converge towards zero or one. The error sum was calculated as the sum 
of the absolute differences from the optimal solution. Even by increasing the value 
of the penalty parameters to over one million, computation time increased steeply, 
although the degree of convergence and error sum did change slightly. 
Table 26 Summary of neural network implementation 
Learning rate 
2 2 2 2 2 2 2 2 
(u) 
Penalty 
parameters 
kI 200 1000 1000 1000 50000 1.0e+6 1.5e+6 2.0e+6 
k2 200 1000 1000 1000 50000 1.0e+6 1.5e+6 2.0e+6 
k3 200 1000 1000 1000 50000 1. Oe+6 1.5e+6 2.0e+6 
k4 200 1000 1000 1000 50000 1.0e+6 1.5e+6 2.0e+6 
k5 200 1000 5000 10000 50000 1.0e+6 1.5e+6 2.0e+6 
k6 200 1000 5000 10000 50000 1. Oe+6 1.5e+6 2.0e+6 
Time span 
to 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
step 0.0001 0.0001 0.0001 0.0001 0.0001 0.001 0.001 0.001 
t max 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 
CPU 
390 670 1730 1780 10909 32829 35151 45127 
time(sec) 
Convergence no no no no no yes yes yes 
Error sum _ 224 210 239 
Unfortunately, all the attempts proved ultimately to be not successful, 
because the variables for the ground arcs did not converge to integer values and the 
connected flight arc variables remain fractions from zero or one. The sum of the 
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fractions from each variable makes another variable to be on, and consequently 
violate fleet size constraints as the models select more aircraft than actual number 
of aircraft available for certain type, although the sum of the values of selected 
variables satisfies the constraints. 
To enforce ground arc variables to take integer values, a binary neural 
network model was implemented, where the non-negative integer variables were 
binary transformed. The binary neural network was programmed using MATLAB; 
the outputs are presented in Appendix 4 and summarised in Table 27. 
The time span was reduced to obtain quick results, but the computation time 
was still more than 5 hours. Although the error sum improved, the result was still 
infeasible and violated the fleet size constraints. 
Table 27 Binary neural network results 
Learning rate (u) 
Penalty parameters(k) 
Time span 
2 
1. Oe+6 
0.0: 0.0001: 0.001 
CPU time(sec) 20331 
Error sum 165 
Feasibility infeasible 
Cavalieri (1999) has stated that the time needed to obtain a solution to an 
integer linear programming problem is practically independent of the dimensions 
of the problem itself, if the Hopfield network is hardware-implemented, with 
parallel processing of all the neural units. But the neural network implementations 
on a PC show that computation time increases rapidly as the number of neurons 
(variables), time span, and penalty parameter grow, and the model iterates many 
times for each step. 
In discussions with Huntley (2000), it was found that the large number of 
"iterations" is due to the complexity of the particular set of coupled ODES (a 
MATLAB command to solve differential equations) to be solved, and if the 
solution is rather smooth, then a relatively small number of function evaluations 
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will be required, but problems will arise if it has singularities in the integration 
range. 
As implementing a neural network model requires a very long processing 
time it is therefore very difficult to solve the problem efficiently. As a result, 
medium and small scale problems can be designed from the original large scale 
problem to configure the computation process and highlight differences with 
varying conditions easily. 
Table 28 Small and Medium Size of Neural Network Models 
Medium Small NN with 
Small size 
size NN binary 
NN model 
model representation 
Number of variables 282 102 135 
" Flight arcs 170 69 69 
" Ground arcs 112 33 66 
Schedule balance constraints 112 33 33 
Flight coverage constraints 49 23 23 
Fleet size constraints 4 3 3 
Required through constraint 40 6 6 
Auxiliary constraints 0 0 33 
Number of available aircraft 10 8 8 
An example of an aircraft rotation chart and time line network for a small 
scale network are shown in Figure 22 and Figure 23. The medium size neural 
network models showed similar infeasible results as the original problem. Table 29 
compares the LINDO results with the three neural network implementations based 
on the above small scale time line network. Neural network models were 
implemented for one hundred steps (timespan=0.0: 0.0001: 0.01) with a learning rate 
of 2. For the neural network implementation, initial values for each variables have 
to be given, and as the expected values are zero or one, any value between zero and 
one could be chosen. The initial values were set to zero for the first trial (NN 0.0), 
and were varied to 0.5 (NN 0.5) and 1.0 (NN 1.0). The results showed that the 
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neural networks produced quite different solutions given the different initial values 
and take long computation times whereas the branch-and-bound method solved the 
same problem instantly. No neural network solution reached an optimal solution 
and two of three solutions were infeasible. Only the neural network with zero 
initial values showed a feasible solution, but it was still not optimal. 
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Table 29 Comparison of LINDO and Neural Network Solutions 
LINDO N N 0.0 N N 0.5 N N 1.0 
Variable Cost Value Assigned Value Assigned Value Assigned Value Assigned cost cost cost cost 
X0231 A 101084 1 101084 -0.02 0 0.03 0 0.91 101084 
X0231 B 107302 0 0 -0.02 0 -0.04 0 -0.03 0 
X0231 D 78964 0 0 0.99 78964 0.95 78964 -0.04 0 
X0233A 101079 1 101079 -0.01 0 0.05 0 0.94 101079 
X0233B 107302 0 0 -0.03 0 -0.02 0 -0.05 0 
X0233D 78963 0 0 0.99 78963 0.91 78963 -0.05 0 
X2071 A 107168 0 0 -0.01 0 0.02 0 -0.06 0 
X2071 B 104783 0 0 -0.03 0 -0.06 0 -0.05 0 
X2071 D 77621 1 77621 0.99 77621 0.99 77621 0.96 77621 
X2072A 124853 0 0 0.97 124853 0.07 0 0.12 0 
X2072B 104934 1 104934 -0.02 0 0.91 104934 0.23 0 
X2072D 84012 0 0 -0.01 0 -0.06 0 0.25 0 
X2076A 116832 0 0 -0.02 0 -0.04 0 0.90 116832 
X2076B 105233 0 0 -0.03 0 -0.02 0 -0.02 0 
X2076D 83186 1 83186 0.98 83186 0.99 83186 -0.01 0 
X2133A 104604 0 0 -0.01 0 0.08 0 -0.02 0 
X2133B 104965 0 0 -0.03 0 0.03 0 -0.07 0 
X2133D 78775 1 78775 0.99 78775 0.82 78775 0.92 78775 
X2232A 170834 0 0 -0.03 0 0.14 0 0.34 0 
X2232B 143098 0 0 0.97 143098 0.90 143098 0.09 0 
X2232D 115967 1 115967 -0.02 0 -0.11 0 0.11 0 
X2377A 181295 0 0 -0.06 0 -0.03 0 -0.05 0 
X2377B 132129 1 132129 1.00 132129 1.01 132129 0.91 132129 
X2377D 120312 0 0 -0.02 0 -0.05 0 -0.08 0 
X2516A 139031 0 0 -0.05 0 -0.03 0 -0.03 0 
X2516B 142330 0 0 -0.03 0 -0.05 0 -0.07 0 
X2516D 104726 1 104726 0.99 104726 1.00 104726 0.95 104726 
X2571 A 185459 0 0 -0.04 0 -0.01 0 -0.10 0 
X2571 B 145407 1 145407 0.97 145407 0.95 145407 0.91 145407 
X2571 D 127936 0 0 -0.02 0 -0.04 0 -0.04 0 
X2577A 174992 0 0 0.92 174992 0.93 174992 -0.05 0 
X2577B 142462 1 142462 -0.01 0 -0.01 0 0.93 142462 
X2577D 115103 0 0 0.00 0 -0.02 0 -0.06 0 
x2812A 169007 0 0 -0.04 0 1.05 109007 -0.10 0 X28126 149277 1 149277 0.97 149277 -0.06 0 -0.07 0 
x2612D 120717 0 0 -0.01 0 -0.07 o 0.89 120717 
X3532A 75187 0 0 -0.01 0 0.06 0 -0.06 0 
X3532B 65784 0 0 -0.01 0 -0.06 0 -0.04 0 
X3532D 52220 1 52220 0.99 52220 0.95 52220 0.95 52220 
X3553A 59238 0 0 0.00 0 0.08 0 0.01 0 
X35536 62507 0 0 -0.02 0 0.01 0 -0.06 0 
X3553D 45093 1 45093 0.99 45093 0.88 45093 0.94 45093 
X3677A 68502 0 0 -0.02 0 0.03 0 0.03 0 
X3677B 68588 1 68588 0.99 68588 0.97 68588 0.90 68588 
X3677D 49336 0 0 -0.01 0 -0.04 0 -0.04 0 
X3731 A 68407 0 0 -0.01 0 -0.04 0 -0.03 0 
X3731 B 68596 0 0 -0.02 0 0.02 0 -0.03 0 
X3731 D 50530 1 50530 0.99 50530 1.01 50530, 1.00 50530 
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X5137A 144325 0 0 -0.05 0 0.90 144325 -0.05 0 
X5137B 145422 0 0 0.97 145422 -0.03 0 -0.04 0 
X5137D 107331 1 107331 -0.01 0 0.04 0 0.94 107331 
X6014A 34845 1 34845 1.00 34845 0.07 0 0.08 0 
X6014B 36460 0 0 -0.01 0 0.01 0 -0.05 0 
X6014D 26155 0 0 -0.01 0 0.90 26155 0.93 26155 
X6432A 36029 1 36029 1.01 36029 0.01 0 0.95 36029 
X6432B 36465 0 0 -0.01 0 0.93 36465 -0.02 0 
X6432D 26405 0 0 -0.01 0 0.05 0 -0.01 0 
X6437A 36311 1 36311 1.01 36311 0.00 0 0.95 36311 
X6437B 37840 0 0 -0.01 0 0.96 37840 -0.02 0 
X6437D 27002 0 0 -0.01 0 0.03 0 -0.01 0 
X7251 A 22791 0 0 -0.06 0 -0.01 0 1.00 22791 
X7251 B 23107 0 0 0.02 0 -0.03 0 0.01 0 
X7251 D 15185 1 15185 1.01 15185 1.02 15185 -0.03 0 
X9077A 134711 1 134711 -0.04 0 -0.03 0 -0.03 0 
X9077B 142477 0 0 -0.03 0 -0.05 0 -0.07 0 
X9077D 106173 0 0 0.99 106173 1.00 106173 0.95 106173 
X9233A 83640 1 83640 0.99 83640 0.04 0 0.87 83640 
X9233B 88155 0 0 -0.02 0 0.07 0 -0.03 0 
X9233D 66359 0 0 -0.01 0 0.82 66359 -0.01 0 
Object ive Value 2001130 2046027 2020735 1755693 
Optimality, optimal feasible infeasible infeasible 
CPU time(sec) <1.0 13985 13965 14122 
It means that the penalty function neural networks fall in local minima, and 
produce different results with different starting point. A clever selection of initial 
values of decision variables may let the neural network reach the global optimal 
point, but there is no guarantee. As Figure 24 shows typical trajectories of decision 
variables, neural network become very stable in its early stage and almost do not 
change. The upper part of the figure is the trajectory of a variable for aircraft type 
MD 11F on route 0231, and lower part is for B747-4000 on the same route. 
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To escape from local minima difficulties, different approaches such as the 
Stochastic Gradient Algorithm or the Boltzman machine and Simulated Annealing 
may be applied. But these approaches are not attractive because each makes the 
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algorithm much more complex and will almost certainly require longer 
computation times. 
Another possible method to cope with this kind of problem is the use of a 
Genetic Algorithm. But Wilson's application (1997) of a genetic algorithm to the 
generalised assignment problem has shown that the model produces a very close 
solution to optimality, but not as rapidly as one based on the older heuristic 
approach. And it is still doubtful whether a more sophisticated neural network 
algorithm or genetic algorithm could be applied to a more complex fleet 
assignment problem of the kind featuring in this research. 
4.5 Conclusion 
The practical applications of the fleet assignment problem solving method 
based on the branch-and-bound method for integer programming and a proposed 
neural network method have been described in order to evaluate the air cargo fleet 
assignment of a combination air carrier, Korean Air. 
The fleet assignment problem was formulated as a mixed integer 
programming problem with a cost minimisation objective and several constraints 
following processes of reducing the problem size by some pre-processing such as 
node aggregation and arc aggregation. Demand and cost including spill cost have 
been estimated based on historical data and from various secondary information 
sources. 
Using a well-established optimisation package, LINDO, the optimal 
solution was achieved, and from the solution, it could be expected that the 
objective function value (which is the sum of operating cost and spill cost) could be 
reduced by about 3.02% - which is non-trivial in the highly competitive air cargo 
market. The optimal solution was found in only a few seconds. 
A neural network model for the same air cargo fleet assignment problem, 
formulated as a mixed integer programming program, was devised using the 
penalty function method, and for the binary implementation of general integer 
variables, a binary represented neural network was built as well. 
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This chapter has shown that the neural network implementation for the air 
cargo fleet assignment problem is quite inefficient as it requires very complex 
computation processes and much longer processing times than a conventional 
branch-and-bound method. Further the penalty function neural network could not 
solve the original problem as it fell within local minima, although the application 
of the method to the general assignment problem shows some interesting and 
positive results. 
The comparison between the branch-and-bound method and a neural 
network approach is given in summary form in Table 30. 
Table 30 Comparison of branch-and-bound and neural network 
Branch-and-Bound Neural Network 
Programming Easy Complex 
Computation time Short Much longer 
Feasibility Exact optimal Feasibility not guaranteed 
Convergence Exact Depends on parameters 
Parameters Not appropriate Difficult to select parameters 
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Conclusion 
5.1 Introduction 
This research has explored the mathematical programming aspects of the air 
cargo fleet assignment problem for a major combination air carrier, Korean Air. 
The first part of the research investigated the schedule design process which 
underpins the airline and fleet assignment problem. The neural network solution 
process for optimisation problems was then examined and a neural network model 
developed and applied to the air cargo assignment problem. Finally, the results and 
overall utility of the approach were evaluated and compared with the conventional 
branch-and-bound optimisation solution method. 
This chapter offers a summary and review of the major findings of this 
research into air cargo fleet assignment problem solution method. Finally, some 
recommendations for further research are discussed. 
5.2 Summary and Review of Major Findings 
It should be remembered that the process of fleet assignment seeks to 
maximise profitability while providing a flyable schedule which complys with a 
large number of marketing and operational requirements. This objective can be 
pursued both by increasing revenue and/or by reducing costs. Given a flight 
schedule, which is a set of flight segments with specified departure and arrival 
times, and a set of aircraft, the fleet assignment problem is to determine which 
aircraft type should fly each flight segment to minimise operating costs or to 
maximise profit. This research was chosen to explore the potentials offered by 
mathematical programming solutions based on optimisation. 
Chapter 5 Conclusion 
In Chapter 2 the schedule design process of airlines and some details of the 
fleet assignment problem have been reviewed. For airlines, designing a schedule is 
one of the most important and complex tasks that have to be determined prior to the 
start of commercial operations. Constructing a schedule for an airline network is by 
nature a combinatorial problem of the large number given possible alternatives and 
optimisation of the flight schedule is central to finding the most efficient and 
effective deployment of an airline's resources. 
It has been shown that the air cargo flight network is quite different from 
that of a passenger flight network and a typical network structure of an pure 
international air cargo carrier has been identified. For international air carriers, 
each aircraft flies one or more flights for a period of days before returning to its 
home airport. Each route has different demands, and air carriers have to determine 
how to combine each flight into groups of flights which can then be served by the 
same aircraft considering the airline's technical and marketing requirements. 
It has also been demonstrated how time and space are two essential 
components for representing network structure in a variety of transportation 
network and schedule design problems. For the fleet assignment problem, the time- 
line network is seen to be critical, where the type of flight network consists of a set 
of nodes associated with each station and arcs that represent flight legs, aircraft on 
the ground, and over-nighting aircraft. It has also been emphasised that, when 
constructing a time-line network, minimum connecting times have to be 
considered. Minimum connecting times here refer to the minimum interval that 
must be spent between an arrival and a departure in order to load and unload cargo. 
The conventional approach to tackling the fleet assignment problem has 
been to formulate the problem as a zero-one mixed integer programming problem 
of cost minimisation with various constraints. The objective function of the fleet 
assignment model was therefore designed as a minimisation problem of total cost 
when assigning fleet type to flights. In this context, cost was seen to be a composite 
of the opportunity cost (spill cost) of selecting an aircraft with capacity less than 
that of demand, together with aircraft operating costs such as fuel, cabin crew 
costs, airport charges, and other related costs. The significance of spill cost was 
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discussed at length and a spill model was used to estimate the expected amount of 
spilled demand for a given aircraft capacity. It was also proven that the complexity 
of the feasible problem for multi-fleet operations is NP-complete. 
Having established an approach to both airline schedule design and to fleet 
assignment model, Chapter 3 discussed various techniques for solving such 
optimisation problems. In particular, a new promising solution method for tackling 
the fleet assignment problem using artificial neural networks was studied. The 
conventional branch-and-bound solution method for dealing with integer 
programming problems is one well known enumeration method but it requires a 
huge number of combinations of values even though it guarantees to find an exact 
solution - given sufficient computing time. A neural network approach was seen to 
offer an alternative, novel modelling path which required a different solution 
approach. The neural network is a more recently developed analytical technique 
that mathematically simulates the connections of the biological neural system in the 
human brain with respect to how it reacts to changes in the outside environment. 
Among various neural network models, the Hopfield network was seen as a strong 
contender because it has a strong relation to optimisation. 
In this type of research, one of the main advantages claimed for using the 
neural network approach to optimisation is that the nature of the dynamic solution 
procedure is inherently parallel and distributed. The neural network solution 
process for tackling the general assignment problem was therefore studied but it 
was concluded that the penalty function-based neural network approach has 
difficulties in selecting appropriate parameters although with properly selected 
parameters such a model can find the near-optimal solution of the problem quite 
fast. Given this difficulty, the Boltzman machine method was reviewed and seen as 
a better neural network solver for such combinatorial optimisation problems, but 
because of its complexity, no practical method had yet been developed or devised. 
This must raise a big question mark with the use of neural networks in solving 
research problems like the fleet assignment problem studied here. 
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The aim of Chapter 4 was to attempt to integrate the air cargo fleet 
assignment problem discussed in Chapters 2 with the novel neural network 
approach presented in Chapter 3. The practical applications of both the 
conventional fleet assignment problem solving method - branch-and-bound method 
for integer programming - and the proposed neural network method were described 
in order to evaluate the current air cargo fleet assignment of a combination air 
carrier - Korean Air. 
The fleet assignment problem was formulated after greatly reducing the 
problem size by deploying some innovative pre-processing methods such as node 
aggregation and arc aggregation. Demand and cost, including spill cost were 
estimated based on historical Korean Air data and from various secondary 
information sources. Applying a well-known optimisation package, LINDO, to 
these data, the optimal solution was achieved; from the solution, it was expected 
that the objective function value - the sum of operating cost and spill cost - could 
be reduced by about 3.02%, or US$ 225,492 for the week or almost US$ 12 million 
for a year (the amount is equivalent to about 1.26% of annual revenue), which is a 
non-trivial amount in today's highly competitive air cargo market. This optimal 
solution was found in a few seconds of processing time. However, this advantage 
must be contrasted with the significant requirements associated with data 
preparation and manipulation of these data prior to computing the solution, the 
details of which were discussed in Chapter 4 (Section 4.2.3). 
A neural network model of the air cargo fleet assignment problem (which 
was an equivalent to the mixed integer programming program) was then devised 
using the penalty function method, and for the binary implementation of general 
integer variables, a binary represented neural network was built as well. These 
were solved using MATLAB. The results were disappointing. They showed that 
the neural network implementation of the air cargo fleet assignment is quite 
inefficient as it requires a very much more complex computation process and 
considerately longer processing time than the conventional branch-and-bound 
method. Further the penalty function neural network could not solve the original 
problem at all since it fell within local minima, although the application of the 
method to the general assignment problem showed interesting results. A 
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comparison between the exact solution approach and the proposed neural network 
method was made; overall, it was concluded that applying a neural network to this 
kind of complex problem was not advantageous. 
Finally, there are some implications for Korean Air's schedule planning 
activities. Although the neural network results proved very disappointing, the 
branch-and-bound solutions proved to be robust. As such, these latter results have 
demonstrated beyond reasonable doubt that the optimisation model devised here 
could be developed further and possibly help Korean Air's schedule planners. 
5.3 Suggestions for Further Research 
As a result of completing this study, a number of limitations have been 
identified and the following recommendations are suggested for future research. 
Because of difficulties in obtaining real data from the target airline, Korean 
Air, many cost categories have been aggregated and estimated using various 
secondary information sources. To build a more realistic air cargo network and to 
formulate a more sophisticated model, the proposed air cargo fleet assignment 
model needs to be reviewed against the airline's actual data. 
When calculating spill demand and spill cost, an ideal approach is to 
acquire the revenue data for each flight and each route from the airline, but as since 
these kind of data are highly confidential to airlines, a single unit rate per tonne- 
kilometre has had to be assumed in this study. With a comprehensive survey and 
market analysis of each air cargo market, including competing air carriers and other 
modes, and with a detailed commodity classification and cost/revenue data for each 
flight, the model would better reflect real market conditions. 
Although the load factor of a cargo aircraft is restricted both by weight and 
volume, only the weight factor has been considered for each aircraft's capacity, as 
there is no available or accessible data which shows the relationship between 
weight and volume. With a detailed empirical study on the relationship between 
weight and volume based on each route, the fleet assignment model would be able 
to produce more realistic results. 
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As the solution from the neural network model and its computation time 
could differ with varying conditions such as initial values, learning rate, penalty 
parameters, and steps, it is very difficult indeed to choose appropriate conditions. If 
the relationships between such conditions and computation time or optimality are 
known, it would be much more convenient to apply neural network to problems 
such as this. 
To date, neural network models to solve integer optimisation problems of 
the kind discussed here have been applied to combinatorial optimisation problems 
whose size has been experimentally small, and their application area very narrow. 
For the broad and reliable application of neural network models to such problems, 
an appropriate technique has first to be developed rather than using the penalty 
function method with gradient search algorithms, and relying on the binary 
transformation of general integer variables because such binary transformation 
simply makes the number of variables explode. 
As the use of the proposed penalty function neural network was not 
successful, some more sophisticated algorithm such as a Stochastic Gradient 
Algorithm or a Boltzman machine could be considered to obtain a global optimum, 
although both are not particularly attractive - both algorithms are more complex 
and even more difficult to apply than the penalty function method. A Genetic 
Algorithm approach could be another consideration, but its application to the 
generalised assignment problem has shown that the model is slower than older, 
more conventional heuristic approaches. 
Finally, it is suggested that the research into the fleet assignment problem 
using the branch-and-bound method could be developed further as an aid to Korean 
Air's management. Such research into a decision support system might be able to 
assist Korean Air's manual schedule preparation by providing planners with a 
computerised alternative schedule based on LINDO-type solutions as well as useful 
tips to assist aircraft fleet operations in the short term and to help inform aircraft 
selection decisions in the longer term. 
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Appendix 1. Airway-bill records (sample) 
AWB_NO FA AL`. ORG DST. FLT_DATE FLT_'4O DEP ARR PCS, VT-UN C_CADE ; COMMODITY, gq; 
SFOI SIN' = 1998-01-01 KE0351' SEL: S SIN 
LS 
3 K 57; ii CONSOLJTEAMI 
SFO; SIN 1998-01-01 KE035 EL SIN 1 K 193 CONSOUEFI; 
SFO, SIN 1998-01-01 KE0351 SEL SIN 13 K f 272: CONSOUJAS 
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ý 
SEL SIN 26 K ! 3212, SEAGATE/DEC 
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, 
CONSOUSPMK: 
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Appendices 
Appendix 2. Spill cost calculation program (MATLAB) 
function z=spill(areal, area2, area3, area4, areall, area22, area33, 
area44) 
% This program calculates spilled demand and spill cost by aircraft 
type. 
% cl, c2, c3, c4 are maximum payloads of each aircraft type. 
c1=76.34; % capacity of aircraft type 1 
c2=113.17; % capacity of aircraft type 2 
c3=43.94; % capacity of aircraft type 3 
c4=88.90; % capacity of aircraft type 4 
% Input route length, mean and standard deviation. 
% 1= route length(km) 
1= input('Enter route length(km) > 
%x5= input('Enter x5 value > 
x5=300; 
mu= input('Enter mean value > 
sigma= input('Enter S. D. > '); 
% Input unit spill cost per ton-kilometre. 
% w= unit spill cost(USD) 
w=0.227875965; 
format short 
x1= linspace(cl, x5,1000); 
x2= linspace(c2, x5,1000); 
x3= linspace(c3, x5,1000); 
x4= linspace(c4, x5,1000); 
% normal distribution function 
yl=(l/(sgrt(2*pi)*sigma))*exp(-(x1-mu). ^2/(2*sigma^2)); 
y2=(1/(sgrt(2*pi)*sigma))*exp(-(x2-mu). ^2/(2*sigma^2)); 
y3=(1/(sgrt(2*pi)*sigma))*exp(-(x3-mu). ^2/(2*sigma^2)); 
y4=(1/(sgrt(2*pi)*sigma))*exp(-(x4-mu) . ^2/(2*sigma^2)); 
%plot(xl, yl), axis auto, xlabel('Demand over Capacity(ton)'), 
ylabel('Probability'), title('Demand Distribution over Capacity(1)') 
%figure; 
%plot(x2, y2), axis auto, xlabel('Demand over Capacity(ton)'), 
ylabel('Probability'), title('Demand Distribution over Capacity(2)') 
%figure; 
%plot(x3, y3), axis auto, xlabel('Demand over Capacity(ton)'), 
ylabel('Probability'), title('Demand Distribution over Capacity(3)') 
%figure; 
%plot(x4, y4), axis auto, xlabel('Demand over Capacity(ton)'), 
ylabel('Probability'), title('Demand Distribution over Capacity(4)') 
tl=xl-cl; % spill of A/C type 1= demand-capacityl 
t2=x2-c2; % spill of A/C type 2= demand-capacity2 
t3=x3-c3; % spill of A/C type 3= demand-capacity3 
t4=x4-c4; % spill of A/C type 4= demand-capacity4 
%. spilled demand = probability of spill * spilled demand 
ul=yl. *tl; u2=y2. *t2; u3=y3. *t3; u4=y4. *t4; 
% calculate area under curve using trapezoidal approximation 
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areall=trapz(xl, ul); 
area22=trapz(x2, u2); 
area33=trapz(x3, u3); 
area44=trapz(x4, u4); 
%spilled_ton=([areall area22 area33 area44]) 
sprintf('Spilled Demand for A/C Typel = %. 7g; A/C Type2 = %. 7g; A/C 
Type3 =%. 7g; A/C Type4 =%. 7g', areall, area22, area33, area44) 
% calculate area under curve using trapezoidal approximation - final 
sprintf('Cumulated Spilled Demands at the -6th, -5th, -4th, -3rd, - 
2nd, end of the curve') 
areal=cumtrapz(xl, ul); SD_1=areal([994 995 996 997 998 999 1000]) 
area2=cumtrapz(x2, u2); SD_2=area2([994 995 996 997 998 999 1000]) 
area3=cumtrapz(x3, u3); SD_3=area3([994 995 996 997 998 999 1000]) 
area4=cumtrapz(x4, u4); SD_4=area4([994 995 996 997 998 999 1000]) 
%f 
%plot(areal), axis auto, xlabel('Demand (ton)'), ylabel('Cumulative 
Spilled Demand for A/C type 1(ton)'), title('Spill Demand 1') 
%figure 
%plot(area2), axis auto, xlabel('Demand (ton)'), ylabel('Cumulative 
Spilled Demand for A/C type 2(ton)'), title('Spill Demand 2') 
%figure 
%plot(area3), axis auto, xlabel('Demand (ton)'), ylabel('Cumulative 
Spilled Demand for A/C type 3(ton)'), title('Spill Demand 3') 
%figure 
%plot(area4), axis auto, xlabel('Demand (ton)'), ylabel('Cumulative 
Spilled Demand for A/C type 4(ton)'), title('Spill Demand 4') 
format bank 
spi111=areall*w*1; 
spi112=area22*w*1; 
spi113=area33*w*1; 
spi114=area44*w*1; 
spill_cost=([spilll spi112 spill3 spi114]) 
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Appendix 3. Fleet Assignment Problem 
3.1 LINDO Program 
MIN 
101084 X0231 A+ 107302 X0231 B+ 78964 X0231 D+ 
101079 X0233A + 107302 X0233B + 78963 X0233D + 
101055 X0235A + 107302 X0235B + 78961 X0235D + 
127711 X2054A + 107182 X2054B + 91798 X2054D + 
120630 X2056A + 105875 X2056B + 87190 X2056D + 
107168 X2071A + 104783 X2071B + 77621 X2071D + 
124853 X2072A + 104934 X2072B + 84012 X2072D + 
146226 X2073A + 111647 X2073B + 103706 X2073D + 
99784 X2074A + 106394 X2074B + 89051 X2074D + 
108095 X2075A + 104790 X2075B + 78251 X2075D + 
116832 X2076A + 105233 X2076B + 83186 X2076D + 
104604 X2133A + 104965 X2133B + 78775 X2133D + 
100568 X2135A + 104783 X2135B + 76920 X2135D + 
128226 X215 IA + 117425 X2151B + 92980 X2151D + 
126288 X2155A + 117013 X2155B + 91134 X2155D + 
170834 X2232A + 143098 X2232B + 115967 X2232D + 
118941 X2252A + 112624 X2252B + 85436 X2252D + 
115814 X2255A + 112596 X2255B + 84269 X2255D + 
174508 X2311 A+ 137303 X2311 B+ 121037 X2311 D+ 
157474 X2313A + 135819 X2313B + 111824 X2313D + 
154266 X2316A + 134334 X2316B + 105933 X2316D + 
147232 X2356A + 137906 X2356B + 106915 X2356D + 
181295 X2377A + 132129 X2377B + 120312 X2377D + 
197781 X2434A + 142535 X2434B + 127363 X2434D + 
139031 X2516A + 142330 X2516B + 104726 X2516D + 
185459 X2571 A+ 145407 X2571 B+ 127936 X2571D + 
141659 X2572A + 142360 X2572B + 105698 X2572D + 
177555 X2573A + 148492 X2573B + 128349 X2573D + 
187919 X2574A + 144607 X2574B + 127541 X2574D + 
146073 X2575A + 142326 X2575B + 104692 X2575D + 
163514 X2576A + 142741 X2576B + 113673 X2576D + 
174992 X2577A + 142462 X2577B + 115103 X2577D + 
169007 X2812A + 149277 X2812B + 120717 X2812D + 
179966 X2816A + 157034 X2816B + 123647 X2816D + 
57360 X3113A + 37243 X3113B + 75072 X3113C + 36805 X3113D + 
46855 X3117A + 37314 X3117B + 63056 X3117C + 30717 X3117D + 
48206 X3171 A+ 50228 X3171 B+ 39929 X3171 C+ 35477 X3171 D+ 
35845 X3212A + 39700 X3212B + 29478 X3212C + 28501 X3212D + 
35945 X3213A + 39701 X3213B + 30029 X3213C + 28523 X3213D + 
35758 X3215A + 39700 X3215B + 27247 X3215C + 28490 X3215D + 
35781 X3217A + 39700 X3217B + 29616 X3217C + 28490 X3217D + 
49890 X3336A + 52535 X3336B + 32999 X3336C + 37572 X3336D + 
60611 X3354A + 61180 X3354B + 57678 X3354C + 44496 X3354D + 
75187 X3532A + 65784 X3532B + 97912 X3532C + 52220 X3532D + 
59238 X3553A + 62507 X3553B + 43018 X3553C + 45093 X3553D + 
61206 X3554A + 62507 X3554B + 76575 X3554C + 45308 X3554D + 
59304 X3555A + 62507 X3555B + 46658 X3555C + 45098 X3555D + 
75943 X3557A + 62560 X3557B + 115388 X3557C + 49653 X3557D + 
67402 X3671 A+ 68580 X3671 B+ 83072 X3671 C+ 48897 X3671 D+ 
67396 X3672A + 68582 X3672B + 73403 X3672C + 49047 X3672D + 
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67796 X3674A + 68582 X3674B + 78176 X3674C + 49088 X3674D + 
65888 X3675A + 68580 X3675B + 87087 X3675C + 48838 X3675D + 
68502 X3677A + 68588 X3677B + 78500 X3677C + 49336 X3677D + 
68407 X3731A + 68596 X3731B + 50530 X3731D + 
71000 X3734A + 68792 X3734B + 51874 X3734D + 
51131 X3836A + 53380 X3836B + 43273 X3836C + 38932 X3836D + 
100873 X3851A + 86366 X3851B + 67584 X3851D + 
117188 X3856A + 87389 X3856B + 77234 X3856D + 
59626 X3872A + 58266 X3872B + 61827 X3872C + 43030 X3872D + 
136012 X5014A + 135743 X5014B + 101788 X5014D + 
131729 X5053A + 135035 X5053B + 99995 X5053D + 
136545 X5056A + 135037 X5056B + 100885 X5056D + 
131903 X5057A + 135022 X5057B + 99739 X5057D + 
139261 X5071A + 142492 X5071B + 107117 X5071D + 
158718 X5111 A+ 145491 X5111 B+ 114446 X5111 D+ 
148950 X5113A + 144734 X5113B + 108712 X5113D + 
144325 X5137A + 145422 X5137B + 107331 X5137D + 
124908 X5156A + 128790 X5156B + 95416 X5156D + 
129795 X5174A + 136481 X5174B + 100210 X5174D + 
35052 X5517A + 28544 X5517B + 43518 X5517C + 21235 X5517D + 
28609 X5533A + 23286 X5533B + 32932 X5533C + 17779 X5533D + 
26845 X5536A + 23386 X5536B + 29026 X5536C + 17157 X5536D + 
103451 X5813A + 103439 X5813B + 75294 X5813D + 
34845 X6014A + 36460 X6014B + 26603 X6014C + 26155 X6014D + 
35385 X6016A + 36462 X6016B + 31668 X6016C + 26268 X6016D + 
36029 X6432A + 36465 X6432B + 41956 X6432C + 26405 X6432D + 
35726 X6435A + 36462 X6435B + 40509 X6435C + 26319 X6435D + 
36311 X6437A + 37840 X6437B + 37924 X6437C + 27002 X6437D + 
22791 X7251A + 23107 X7251B + 17214 X7251C + 15185 X7251D + 
22763 X7255A + 23107 X7255B + 16412 X7255C + 15182 X7255D + 
134711 X9077A + 142477 X9077B + 106173 X9077D + 
83640 X9233A + 88155 X9233B + 66359 X9233D + 
31947 X85514A + 28707 X85514B + 35282 X85514C + 20884 X85514D + 
25954 X85534A + 23319 X85534B + 27062 X85534C + 16687 X85534D 
SUBJECT TO 
! Monday 
! Node 1: 
-X5071A-Y1 2A+X3117A+Y50_1A=0 
-X5071B-Y1_2B+X3117B+Y50_1B=0 
-Y1_2C+X3117C+Y50_1C=0 
-X507 1 D-Y 1 2D+X3117D+Y50_1 
D=0 
! Node 2: 
-X2311A-Y2_3A+X2816A+Y1 
2A=0 
-X2311B-Y2_3B+X2816B+Y1 
2B=0 
-Y2_3C+Y 1 2C=0 
-X2311D-Y2_3D+X2816D+Y1 
2D=0 
! Node 3: 
-X7251 A-Y3_4A+X2076A+X2576A+X5156A+X6437A+Y2_3A=0 
-X7251B-Y3 4B+X2076B+X2576B+X5156B+X6437B+Y2_3B=0 
-X7251 C-Y3_4C+X6437C+Y2_3C=0 
-X725 I D-Y 
3_4D+X207 6D+X2576D+X515 6D+X6437 D+Y2_3 D=0 
! Node 4: 
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-X2151A-Y4_5A+X2516A+Y3 4A=0 
-X2151B-Y4_5B+X2516B+Y3 4B=0 
-Y4_5C+Y3 4C=0 
-X2151D-Y4 5D+X2516D+Y3 4D=0 
! Node 5: 
-X317IA-X385 1 A-Y5_6A+X3217A+X3677A+Y4_5A=0 
-X3171B-X3851B-Y5_6B+X3217B+X3677B+Y4_5B=0 
-X3171 C-Y5_6C+X3217C+X3677C+Y4_5C=0 
-X317ID-X385 1 D-Y5_6D+X3217D+X3677D+Y4_5D=0 
! Node 6: 
-X3671 A-X0231 A-Y6_7A+X2316A+X235 6A+X9077 A+Y5_6A=0 
-X367 1 B-X0231 B-Y6_7B+X2316B+X2356B+X9077B+Y56B=0 
-X3671C-Y6_7C+Y5_6C=0 
-X3671 D-X0231 D-Y6_7D+X2316D+X2356D+X9077D+Y5_6D=0 
! Node 7: 
-Y7_8A+X3557A+Y6_7A=0 
-Y7_8B+X3557B+Y6_7B=0 
-Y7_8C+X3557C+Y6_7C=0 
-Y7_8D+X3557D+Y6_7D=0 
! Node 8: 
-X5111A-X3731A-Y8_9A+Y7_8A=0 
-X5111B-X3731B-Y8_9B+Y7_8B=0 
-Y8_9C+Y7_8C=0 
-X5111 D-X3731 D-Y8_9D+Y7_8D=0 
! Node 9: 
-X2071A-X2571A-X6432A-Y9_10A+X7251A+Y8 9A=0 
-X2071B-X2571B-X6432B-Y9_10B+X7251B+Y8_9B=0 
-X6432C-Y9_10C+X7251C+Y8_9C=0 
-X2071D-X2571D-X6432D-Y9_10D+X7251D+Y8_9D=0 
! Tuesday 
! Node 10: 
-X2232A-X2812A-Y 10_ 11 A+X5057A+X2377A+X2577A+X5137A+Y9_ 10A=0 
-X2232B-X2812B-Y10_11B+X5057B+X2377B+X2577B+X5137B+Y9_IOB=0 
-Y10_11C+Y9_lOC=O 
-X2232D-X2812D-Y 10_ l1 D+X5057D+X2377D+X2577D+X5137D+Y9_ 1 OD=O 
! Node 11: 
-Y 11 _ 
12 A+X 3 671 A+X 37 31 A+Y 10_ 11 A=0 
-Y11_12B+X3671B+X3731B+Y10_11B=0 
-Y11_12C+X3671C+Y10_11C=0 
-Y 11 _ 
12 D+X 3 671 D+X 37 31 D+Y 10_ 11 D=0 
! Node 12: 
-X3532A-Y12_13A+Y11_12A=0 
-X3532B-Y 12_ 
13B+Y 11_12B=0 
-X3532C-Y 12_13C+Y 
11_12C=0 
-X3532D-Y 12_13D+Y11_ 
12D=0 
! Node 13: 
-X3872A-X3212A-X3672A-Y13_14A+X3171A+Y12_13A=0 
-X3872B-X3212B-X3672B-Y 
13_14B+X3171B+Y 12_13B=0 
-X3872C-X3212C-X3672C-Y13_14C+X3171C+Y12_13C=0 
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-X3872D-X3212D-X3672D-Y 13_14D+X3171 D+Y 12_ 13D=0 
! Node 14: 
-X2252A-X2572A-Y 14_15A+X3851A+Y13_14A=0 
-X2252B-X2572B-Y 14_15 B+X3851 B+Y 13_ 14B=0 
-Y14_15C+Y13_14C=0 
-X2252D-X2572D-Y 14_15D+X3851 D+Y 13_14D=0 
! Node 15: 
-X2072A-Y 15_ 16A+X2311 A+Y 14_ 15A=0 
-X207 2B -Y 15 _ 
16 B +X2 311 B +Y 14_ 15 B =0 
-Y15_16C+Y14_15C=0 
-X2072D-Y 15_ 16D+X2311 D+Y 14_15D=0 
! Wednesday 
! Node 16: 
-X5 813 A-Y 16_ 17 A+X2151 A+Y 15 _ 
16A=0 
-X58 13B-Y 16_17B+X2151B+Y 15_16B=0 
-Y16_17C+Y15_16C=0 
-X5813D-Y 16_17D+X2151 D+Y 15_16D=0 
! Node 17: 
-X9233A-X3113A-Y 17_18A+X5071A+X6432A+Y 16_17A=0 
-X9233B-X3113B-Y17_18B+X5071B+X6432B+Y16 17B=0 
-X31 13C-Y 17_ 18C+X6432C+Y 16_17C=0 
-X9233D-X3113D-Y 17_ 18D+X5071 D+X6432D+Y 16_17D=0 
! Node 18: 
-X2 133 A-X5533A-X0233A-Y 18_ 19A+X5111 A+X0231 A+X2071 A+Y 17_18A=0 
-X2 133B-X5533B-X0233B-Y 18_ 19B+X5111 B+X0231B+X2071 B+Y 17_ 18B=0 
-X5533C-Y18_19C+Y17_18C=0 
-X2 133D-X5533D-X0233D-Y 18_ 19D+X5111 D+X0231 D+X2071 D+Y 17_18D=0 
! Node 19: 
-X3553A-Y 19_20A+X3532A+X3872A+X2571A+X3212A+Y 18_ 19A=0 
-X3553B-Y 19_20B+X3532B+X3 872B+X2571 B+X3212B+Y 18_ 19B=0 
-X3553C-Y19_20C+X3532C+X3872C+X3212C+Y18_19C=0 
-X3553D-Y 19_20D+X3532D+X3872D+X2571 D+X3212D+Y 18_19D=0 
! Node 20: 
-X3213A-Y20_21A+Y19_20A=0 
"X3213B-Y20_21B+Y19_20B=0 
-X3213C-Y20_21C+Y19_20C=0 
-X32 13D-Y20_21 D+Y 19_20D=0 
! Node 21: 
-X5053A-X5113A-X2313A-Y21 22A+X3113A+Y20_21A=0 
-X5053B-X5113B-X2313B-Y21_22B+X3113B+Y20 21B=0 
"Y2 1 22C+X3113C+Y20_21C=0 
-X5 05 3 D-X5113 D-X2 313 D-Y 21 22 D+X 3113 D+Y 20_21 D=0 
! Node 22: 
-X2573A-X2073A-Y22_23A+X5533A+Y21 22A=0 
-X2573B-X2073B-Y22_23B+X5533B+Y21_22B=0 
-Y22_23C+X5533C+Y21 
22C=0 
-X2573D-X2073D-Y22_23D+X5533D+Y21_22D=0 
! Thursday 
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! Node 23: 
-X6014A-Y23_24A+X3672A+X9233A+Y22_23A=0 
-X6014B-Y23_24B+X3672B+X9233B+Y22_23B=0 
-X6014C-Y23_24C+X3672C+Y22_23C=0 
-X6014D-Y23_24D+X3672D+X9233D+Y22_23D=0 
! Node 24: 
-X5014A-X85534A-X2054A-Y24_25A+X5813A+X2072A+X2572A+Y23_24A=0 
-X5014B-X85534B-X2054B-Y24_25B+X5813B+X2072B+X2572B+Y23 24B=0 
-X85534C-Y24_25C+Y23_24C=0 
-X5014D-X85534D-X2054D-Y24_25D+X5813D+X2072D+X2572D+Y23 24D=0 
! Node 25: 
-X85514A-Y25_26A+X2812A+Y24 25A=0 
-X85514B-Y25 26B+X2812B+Y24_25B=0 
-X85514C-Y25_26C+Y24_25C=0 
-X85514D-Y25_26D+X2812D+Y24_25D=0 
! Node 26: 
-Y26_27A+X3553A+X3213A+X2252A+Y25_26A=0 
-Y26_27B+X3553B+X3213B+X2252B+Y25_26B=0 
-Y26_27C+X3553C+X3213C+Y25_26C=0 
-Y26_27D+X3553D+X3213D+X2252D+Y25_26D=0 
! Node 27: 
-X3674A-Y27_28A+Y26_27A=0 
-X3674B-Y27_28B+Y26_27B=0 
-X3674C-Y27_28C+Y26_27C=0 
-X3674D-Y27_28D+Y26_27D=0 
! Node 28: 
-X3734A-X3354A-X2434A-X2574A-X2074A-X5174A-X3554A- 
Y28_29A+X2133A+X2232A+X6014A+X85534A+Y27_28A=0 
-X3734B-X3354B-X2434B-X2574B-X2074B-X5174B-X3554B- 
Y28_29B+X2133B+X2232B+X6014B+X85534B+Y27_28B=0 
-X3354C-X3554C-Y28_29C+X6014C+X85534C+Y27_28C=0 
-X3734D-X3354D-X2434D-X2574D-X2074D-X5174D-X3554D- 
Y28_29D+X2133D+X2232D+X6014D+X85534D+Y27_28D=0 
! Friday 
! Node 29: 
-X6435A-Y29_30A+X85514A+X2313A+Y28 
29A=0 
-X6435B-Y29_30B+X85514B+X2313B+Y28_29B=0 
-X6435C-Y29_30C+X85514C+Y28 
29C=0 
-X6435D-Y29_30D+X85514D+X2313D+Y28 
29D=0 
! Node 30: 
-X7255A-Y30_31 A+X5113A+X0233A+Y29_30A=0 
-X7255B-Y30_31 
B+X5113B+X0233B+Y29_30B=0 
-X7255C-Y30_31C+Y29_30C=0 
-X7255D-Y30_31 
D+X5113D+X0233D+Y29_30D=0 
! Node 31: 
-X2 155 A-Y31 
32A+X2573 A+Y30_31 A=0 
-X2 155 B-Y31 _32B+X2573 
B+Y30_31 B=0 
-Y31_32C+Y30_31C=0 
-X2155D-Y31_32D+X2573D+Y30_31D=0 
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! Node 32: 
-X0235A-Y32_33A+X7255A+Y31_32A=0 
-X0235B-Y32 33B+X7255B+Y31_32B=0 
-Y32_33C+X7255C+Y31_32C=0 
-X0235D-Y32_33D+X7255D+Y3 132D=0 
! Node 33: 
-Y33_34A+X3734A+X3674A+X5053A+X2073A+X3354A+Y32_33A=0 
-Y33_34B+X3734B+X3674B+X5053B+X2073B+X3354B+Y32_33B=0 
-Y33 34C+X3674C+X3354C+Y32_33C=0 
-Y33_34D+X3734D+X3674D+X5053D+X2073D+X3354D+Y32_33D=0 
! Node 34: 
-X3675A-X3215A-X3555A-Y34_35A+Y33_34A=0 
-X3675B-X3215B-X3555B-Y34_35B+Y33_34B=0 
-X3675C-X3215C-X3555C-Y34_35C+Y33 34C=0 
-X3675D-X3215D-X3555D-Y34_35D+Y33 34D=0 
! Node 35: 
-X2135A-Y35_36A+X3554A+Y34_35A=0 
-X2135B-Y35_36B+X3554B+Y34_35B=0 
-Y35_36C+X3554C+Y34_35C=0 
-X2 135 D-Y35_36D+X3554D+Y34_35 D=0 
! Node 36: 
-X2255A-X2575A-X2075A-X5056A-Y36_37A+X2054A+Y35 36A=0 
-X2255B-X2575B-X2075B-X5056B-Y36_37B+X2054B+Y35_36B=0 
-Y36_37C+Y35_36C=0 
-X2255D-X2575D-X2075D-X5056D-Y36_37D+X2054D+Y35_36D=0 
! Saturday 
! Node 37: 
-X6016A-Y37_38A+X6435A+Y36_37A=0 
-X6016B"Y37_38B+X6435B+Y36_37B=0 
-X6016C-Y37_38C+X6435C+Y36_37C=0 
-X601 6D-Y37_3 8D+X6435 D+Y36_37 D=0 
! Node 38: 
-X5536A-X2056A-Y38 39A+X5014A+X5174A+X3215A+Y37_38A=0 
-X5536B-X2056B-Y38 39B+X5014B+X5174B+X3215B+Y37_38B=0 
-X5536C-Y38_39C+X3215C+Y37_38C=0 
-X5536D-X2056D-Y38 39D+X5014D+X5174D+X3215D+Y37_38D=0 
! Node 39: 
-X28 16A-Y39 40A+X2434A+Y38 
39A=0 
-X2816B-Y39_40B+X2434B+Y38_39B=0 
-Y39 40C+Y38_39C=0 
-X2816D-Y39_40D+X2434D+Y38_39D=0 
! Node 40: 
-X25 16A-X3856A-Y40 
41A+X2074A+Y39 40A=0 
-X25 16B-X3856B-Y40 
41B+X2074B+Y39 40B=0 
-Y40_41C+Y39 
40C=0 
-X2516D-X3856D-Y40_41 
D+X2074D+Y39_40D=0 
! Node 41: 
-Y4 1_42A+X2574A+X3555 
A+X6016A+X3675A+Y40_41 A=0 
-Y4 1 _42B+X2574B+X3555 
B+X6016B+X3675 B+Y40_41 B=0 
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-Y4 142C+X3555 C+X6016C+X3 675 C+Y40_41 C=0 
-Y41_42D+X2574D+X3555D+X6016D+X3675D+Y40_41 D=0 
! Node 42: 
-X3336A-X3836A-X2316A-X2576A-X2356A-Y42_43A+X2155A+X5536A+Y41_42A=0 
-X3336B-X3836B-X2316B-X2576B-X2356B-Y42 43B+X2155B+X5536B+Y41 42B=0 
-X3336C-X3836C-Y42 43C+X5536C+Y41_42C=0 
-X3336D-X3836D-X2316D-X2576D-X2356D-Y42_43D+X2155D+X5536D+Y41 42D=0 
! Node 43: 
-X2076A-X5156A-Y43 44A+Y42 43A=0 
-X2076B-X5156B-Y43_44B+Y42_43B=0 
-Y43_44C+Y42_43C=O 
-X2076D-X5156D-Y43_44D+Y42 43D=0 
! Sunday 
! Node 44: 
-X6437A-Y44_45A+X0235A+Y43_44A=0 
-X6437B -Y44_45 B+X0235 B+Y43_44B=0 
-X6437C-Y44_45C+Y43_44C=0 
-X6437D-Y44_45D+X0235D+Y43 44D=0 
! Node 45: 
-X3 117A-Y45 46A+X2135A+X2255A+X2075A+Y44 45A=0 
-X3 117B-Y45 46B+X2135B+X2255B+X2075B+Y44 45B=0 
-X3117C-Y45_46C+Y44_45C=0 
-X3117D-Y45_46D+X2135D+X2255D+X2075D+Y44 45D=0 
! Node 46: 
-X3677A-Y46_47A+X2575A+Y45 46A=0 
-X3677B-Y46_47B+X2575B+Y45 46B=0 
-X3677C-Y46_47C+Y45 46C=0 
-X3677D-Y46_47D+X2575D+Y45 46D=0 
! Node 47: 
-X9077A-X5517A-Y47 48A+X3336A+Y46_47A=0 
-X9077B-X5517B-Y47_48B+X3336B+Y46_47B=0 
-X5517C-Y47_48C+X3336C+Y46 47C=0 
-X9077D-X5517D-Y47 48D+X3336D+Y46 47D=0 
! Node 48: 
-X3217A-X3557A-Y48_49A+X3836A+Y47_48A=0 
-X3217B-X3557B-Y48_49B+X3836B+Y47_48B=0 
-X3217C-X3557C-Y48_49C+X3836C+Y47 48C=0 
-X32 17D-X3557D-Y48 49D+X3836D+Y47 48D=0 
! Node 49: 
-X5137A-X2577A-Y49_50A+X5517A+X5056A+X2056A+X3856A+Y48_49A=0 
-X5137B-X2577B-Y49_50B+X5517B+X5056B+X2056B+X3856B+Y48_49B=0 
-Y49 50C+X5517C+Y48 49C=0 
-X5137D-X2577D-Y49_50D+X5517D+X5056D+X2056D+X3856D+Y48_49D=0 
! Node 50: 
-X5057A-X2377A-Y50_lA+Y49_50A=0 
-X5057B-X2377B-Y50_1B+Y49_50B=0 
-Y50_1C+Y49_50C=0 
-X5057D-X2377D-Y50_ 
1 D+Y49_50D=0 
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! Fleet size: 
! Node 33-34 Friday; 2000-2025 
X5014A + X2054A + X3554A + X2434A + X2574A + X5174A + X2074A + X6435A + X2155A + X0235A + Y33_34A =2 
X5014B + X2054B + X3554B + X2434B + X2574B + X5174B + X2074B + X6435B + X2155B + X0235B + Y33_34B = 11 
X3554C + X6435C + Y33_34C =2 
X5014D + X2054D + X3554D + X2434D + X2574D + X5174D + X2074D + X6435D + X2155D + X0235D + Y33_34D =3 
! Flight coverage: 
X0231 A+ X0231 B+ X0231 D=1 
X0233A + X0233B + X0233D =1 
X0235A + X0235B + X0235D =1 
X2054A + X2054B + X2054D =I 
X2056A + X2056B + X2056D =1 
X2071 A+ X2071 B+ X2071 D=I 
X2072A + X2072B + X2072D =1 
X2073A + X2073B + X2073D =1 
X2074A + X2074B + X2074D =1 
X2075A + X2075B + X2075D =1 
X2076A + X2076B + X2076D =1 
X2133A + X2133B + X2133D =1 
X2135A + X2135B + X2135D =1 
X2151A+X2151B +X2151D=1 
X2155A + X2155B + X2155D =1 
X2232A + X2232B + X2232D =1 
X2252A + X2252B + X2252D =1 
X2255A + X2255B + X2255D =1 
X2311 A+ X231 1B + X2311 D =1 
X2313A + X2313B + X2313D =1 
X2316A + X2316B + X2316D =1 
X2356A + X2356B + X2356D =1 
X2377A + X2377B + X2377D =1 
X2434A + X2434B + X2434D =1 
X2516A + X2516B + X2516D =1 
X257 IA + X2571B + X257 ID =1 
X2572A + X2572B + X2572D =1 
X2573A + X2573B + X2573D =1 
X2574A + X2574B + X2574D =1 
X2575A + X2575B + X2575D =1 
X2576A + X2576B + X2576D =1 
X2577A + X2577B + X2577D =1 
X2812A + X2812B + X2812D =1 
X2816A + X2816B + X2816D =1 
X3113A+X3113B+X3113C+X3113D=1 
X3117A + X3117B + X3117C + X3117D =1 
X3171A+X3171B+X3171C+X3171D=1 
X3212A + X3212B + X3212C + X3212D =1 
X3213A + X3213B + X3213C + X3213D =1 
X3215A + X3215B + X3215C + X3215D =1 
X3217A + X3217B + X3217C + X3217D =1 
X3336A + X3336B + X3336C + X3336D =1 
X3354A + X3354B + X3354C + X3354D =1 
X3532A + X3532B + X3532C + X3532D =1 
X3553A + X3553B + X3553C + X3553D =1 
X3554A + X3554B + X3554C + X3554D =1 
X3555A + X3555B + X3555C + X3555D =1 
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X3557A + X3557B + X3557C + X3557D =1 
X3671A + X3671 B+ X3671 C+ X3671 D =1 
X3672A + X3672B + X3672C + X3672D =1 
X3674A + X3674B + X3674C + X3674D =1 
X3675A + X3675B + X3675C + X3675D =1 
X3677A + X3677B + X3677C + X3677D =1 
X3731 A+ X3731 B+ X3731 D =1 
X3734A + X3734B + X3734D =1 
X3836A + X3836B + X3836C + X3836D =1 
X3851A + X3851B + X3851D =1 
X3856A + X3856B + X3856D =1 
X3872A + X3872B + X3872C + X3872D =1 
X5014A + X5014B + X5014D =1 
X5053A + X5053B + X5053D =1 
X5056A + X5056B + X5056D =1 
X5057A + X5057B + X5057D =1 
X5071A + X5071B + X5071D =1 
X5111A+X5111B+X5111D=1 
X5113A + X5113B + X5113D =1 
X5137A + X5137B + X5137D =1 
X5156A + X5156B + X5156D =1 
X5174A + X5174B + X5174D =1 
X5517A + X5517B + X5517C + X5517D =1 
X5533A + X5533B + X5533C + X5533D =1 
X5536A + X5536B + X5536C + X5536D =1 
X5813A + X5813B + X5813D =1 
X6014A + X6014B + X6014C + X6014D =1 
X6016A + X6016B + X6016C + X6016D =1 
X6432A + X6432B + X6432C + X6432D =1 
X6435A + X6435B + X6435C + X6435D =1 
X6437A + X6437B + X6437C + X6437D =1 
X7251 A+ X7251 B+ X7251 C+ X7251 D =1 
X7255A + X7255B + X7255C + X7255D =1 
X9077A + X9077B + X9077D =1 
X9233A + X9233B + X9233D =1 
X85514A+ X85514B + X85514C + X85514D =1 
X85534A+ X85534B + X85534C + X85534D =1 
! Required through: 
X0231A - X0233A =0 
X0233A - X0235A =0 
X0231B - X0233B =0 
X0233B - X0235B =0 
X0231D - X0233D =0 
X0233D - X0235D =0 
X2054A - X2056A =0 
X2054B - X2056B =0 
X2054D - X2056D =0 
X2133A - X2135A =0 
X2133B - X2135B =0 
X2133D - X2135D =0 
X2252A - X2255A =0 
X2252B - X2255B =0 
X2252D - X2255D =0 
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X231 IA - X2313A =0 
X2313A - X2316A =0 
X2311B - X2313B =0 
X2313B - X2316B =0 
X2311D-X2313D=0 
X2313D - X2316D =0 
X2812A - X2816A =0 
X2812B - X2816B =0 
X2812D - X2816D =0 
X3113A-X3117A0 
X3113B - X3117B =0 
X3113C-X3117C=0 
X3113D-X3117D=0 
X3212A - X3213A =0 
X3213A - X3215A =0 
X3215A - X3217A =0 
X3212B - X3213B =0 
X3213B - X3215B =0 
X3215B - X3217B =0 
X3212C - X3213C =0 
X3213C - X3215C =0 
X3215C - X3217C =0 
X3212D - X3213D =0 
X3213D - X3215D =0 
X3215D - X3217D =0 
X3731A - X3734A =0 
X3731B - X3734B =0 
X3731D - X3734D =0 
X3851A - X3856A =0 
X3851B - X3856B =0 
X3851D - X3856D =0 
X5053A - X5056A =0 
X5056A - X5057A =0 
X5053B - X5056B =O 
X5056B - X5057B =0 
X5053D - X5056D =0 
X5056D - X5057D =0 
X5111A-X5113A=0 
X5111B-X5113B=0 
X5111D-X5113D=0 
X5533A - X5536A =0 
X5533B - X5536B =0 
X5533C - X5536C =0 
X5533D - X5536D =0 
X6014A - X6016A =0 
X6014B - X6016B =0 
X6014C - X6016C =0 
X6014D - X6016D =0 
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X6432A - X6435A =0 
X6435A - X6437A =0 
X6432B - X6435B =0 
X6435B - X6437B =0 
X6432C - X6435C =0 
X6435C - X6437C =0 
X6432D - X6435D =0 
X6435D - X6437D =0 
X7251A - X7255A =0 
X7251B - X7255B =0 
X7251C - X7255C =0 
X7251D - X7255D =0 
END 
INTEGER 285 
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3.2 LINDO Output 
LP OPTIMUM FOUND AT STEP 704 
OBJECTIVE VALUE = 7237928.50 
SET X2135B TO >= I AT 1, BND= -0.7242E+07 TWIN=-0.7238E+07 851 
NEW INTEGER SOLUTION OF 7242247.00 AT BRANCH 1 PIVOT 851 
BOUND ON OPTIMUM: 7237963. 
FLIP X2135B TO <= 0 AT 1 WITH BND= -7237963.0 
NEW INTEGER SOLUTION OF 7237963.00 AT BRANCH 1 PIVOT 851 
BOUND ON OPTIMUM: 7237963. 
DELETE X2135B AT LEVEL 1 
ENUMERATION COMPLETE. BRANCHES= 1 PIVOTS= 851 
LAST INTEGER SOLUTION IS THE BEST FOUND 
RE-INSTALLING BEST SOLUTION... 
OBJECTIVE FUNCTION VALUE 
1) 7237963. 
VARIABLE 
X0231 A 
X0231B 
X0231D 
X0233A 
X0233B 
X0233D 
X0235A 
X0235B 
X0235D 
X2054A 
X2054B 
X2054D 
X2056A 
X2056B 
X2056D 
X2071A 
X2071B 
X2071D 
X2072A 
X2072B 
X2072D 
X2073A 
X2073B 
X2073D 
X2074A 
X2074B 
X2074D 
X2075A 
X2075B 
X2075D 
X2076A 
VALUE REDUCED COST 
1.000000 101084.000000 
0.000000 107 302.000000 
0.000000 78964.000000 
1.000000 101079.000000 
0.000000 107302.000000 
0.000000 78963.000000 
1.000000 10105 5.000000 
0.000000 107302.000000 
0.000000 78961.000000 
0.000000 127711.000000 
1.000000 107182.000000 
0.000000 91798.000000 
0.000000 120630.000000 
1.000000 105 875.000000 
0.000000 87190.000000 
0.000000 107168.000000 
1.000000 104783.000000 
0.000000 77621.000000 
0.000000 124853.000000 
1.000000 104934.000000 
0.000000 84012.000000 
0.000000 146226.000000 
1.000000 111647.000000 
0.000000 103706.000000 
0.000000 99784.000000 
1.000000 106394.000000 
0.000000 89051.000000 
0.000000 108095.000000 
1.000000 104790.000000 
0.000000 78251.000000 
0.000000 116832.000000 
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X2076B 1.000000 105233.000000 
X2076D 0.000000 83186.000000 
X2133A 0.000000 104604.000000 
X2133B 0.000000 104965.000000 
X2133D 1.000000 78775.000000 
X2135A 0.000000 100568.000000 
X2135B 0.000000 104783.000000 
X2135D 1.000000 76920.000000 
X2151 A 0.000000 128226.000000 
X2151 B 1.000000 117425.000000 
X2151 D 0.000000 92980.000000 
X2155A 0.000000 126288.000000 
X2155B 0.000000 117013.000000 
X2155D 1.000000 91134.000000 
X2232A 0.000000 170834.000000 
X2232B 1.000000 143098.000000 
X2232D 0.000000 115967.000000 
X2252A 0.000000 118941.000000 
X2252B 1.000000 112624.000000 
X2252D 0.000000 85436.000000 
X2255A 0.000000 115814.000000 
X2255B 1.000000 112596.000000 
X2255D 0.000000 84269.000000 
X2311 A 0.000000 174508.000000 
X2311 B 1.000000 137303.000000 
X231 ID 0.000000 12103 7.000000 
X2313A 0.000000 157474.000000 
X2313 B 1.000000 135 819.000000 
X2313D 0.000000 111824.000000 
X2316A 0.000000 154266.000000 
X2316B 1.000000 134334.000000 
X2316D 0.000000 105933.000000 
X2356A 0.000000 147232.000000 
X2356B 1.000000 137906.000000 
X2356D 0.000000 106915.000000 
X2377A 0.000000 181295.000000 
X2377B 1.000000 132129.000000 
X2377D 0.000000 120312.000000 
X2434A 0.000000 197781.000000 
X2434B 1.000000 142535.000000 
X2434D 0.000000 127363.000000 
X2516A 1.000000 139031.000000 
X2516B 0.000000 142330.000000 
X2516D 0.000000 104726.000000 
X2571A 0.000000 185459.000000 
X2571 B 1.000000 145407.000000 
X2571D 0.000000 127936.000000 
X2572A 0.000000 141659.000000 
X2572B 0.000000 142360.000000 
X2572D 1.000000 105698.000000 
X2573A 0.000000 177555.000000 
X2573B 1.000000 148492.000000 
X2573D 0.000000 128349.000000 
X2574A 0.000000 187919.000000 
X2574B 1.000000 144607.000000 
X2574D 0.000000 127541.000000 
X2575A 0.000000 146073.000000 
X2575B 0.000000 142326.000000 
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X2575D 1.000000 104692.000000 
X2576A 0.000000 163514.000000 
X2576B 1.000000 142741.000000 
X2576D 0.000000 113673.000000 
X2577A 0.000000 174992.000000 
X2577B 1.000000 142462.000000 
X2577D 0.000000 115103.000000 
X2812A 0.000000 169007.000000 
X2812B 1.000000 149277.000000 
X2812D 0.000000 120717.000000 
X2816A 0.000000 179966.000000 
X2816B 1.000000 157034.000000 
X2816D 0.000000 123647.000000 
X3113A 0.000000 57360.000000 
X3113B 1.000000 37243.000000 
X3113C 0.000000 75072.000000 
X3113D 0.000000 36805.000000 
X3117A 0.000000 46855.000000 
X3117B 1.000000 37314.000000 
X3117C 0.000000 63056.000000 
X3117D 0.000000 30717.000000 
X3171A 0.000000 48206.000000 
X3171B 0.000000 50228.000000 
X3171C 1.000000 39929.000000 
X3171 D 0.000000 35477.000000 
X3212A 0.000000 35845.000000 
X3212B 0.000000 39700.000000 
X3212C 1.000000 29478.000000 
X3212D 0.000000 28501.000000 
X3213A 0.000000 35945.000000 
X3213B 0.000000 39701.000000 
X3213C 1.000000 30029.000000 
X3213D 0.000000 28523.000000 
X3215A 0.000000 35758.000000 
X3215B 0.000000 39700.000000 
X3215C 1.000000 27247.000000 
X3215D 0.000000 28490.000000 
X3217A 0.000000 35781.000000 
X3217B 0.000000 39700.000000 
X3217C 1.000000 29616.000000 
X3217D 0.000000 28490.000000 
X3336A 0.000000 49890.000000 
X3336B 0.000000 52535.000000 
X3336C 1.000000 32999.000000 
X3336D 0.000000 37572.000000 
X3354A 0.000000 60611.000000 
X3354B 0.000000 61180.000000 
X3354C 1.000000 57678.000000 
X3354D 0.000000 44496.000000 
X3532A 0.000000 75187.000000 
X3532B 1.000000 65784.000000 
X3532C 0.000000 97912.000000 
X3532D 0.000000 52220.000000 
X3553A 0.000000 59238.000000 
X3553B 0.000000 62507.000000 
X3553C 1.000000 43018.000000 
X3553D 0.000000 45093.000000 
X3554A 0.000000 61206.000000 
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X3554B 0.000000 
X3554C 0.000000 
X3554D 1.000000 
X3555A 0.000000 
X3555B 0.000000 
X3555C 1.000000 
X3555D 0.000000 
X3557A 0.000000 
X3557B 1.000000 
X3557C 0.000000 
X3557D 0.000000 
X3671A 1.000000 
X3671B 0.000000 
X3671C 0.000000 
X3671D 0.000000 
X3672A 0.000000 
X3672B 1.000000 
X3672C 0.000000 
X3672D 0.000000 
X3674A 0.000000 
X3674B 1.000000 
X3674C 0.000000 
X3674D 0.000000 
X3675A 0.000000 
X3675B 1.000000 
X3675C 0.000000 
X3675D 0.000000 
X3677A 1.000000 
X3677B 0.000000 
X3677C 0.000000 
X3677D 0.000000 
X3731A 0.000000 
X3731 B 0.000000 
X3731 D 1.000000 
X3734A 0.000000 
X3734B 0.000000 
X3734D 1.000000 
X3836A 0.000000 
X3836B 0.000000 
X3836C 1.000000 
X3836D 0.000000 
X3851A 0.000000 
X3851B 1.000000 
X3851D 0.000000 
X3856A 0.000000 
X3856B 1.000000 
X3856D 0.000000 
X3872A 0.000000 
X3872B 0.000000 
X3872C 0.000000 
X3872D 1.000000 
X5014A 0.000000 
X5014B 1.000000 
X5014D 0.000000 
A 5053A 0.000000 
X5053B 1.000000 
X5053D 0.000000 
X5056A 0.000000 
62507.000000 
76575.000000 
45308.000000 
59304.000000 
62507.000000 
46658.000000 
45098.000000 
75943.000000 
62560.000000 
115388.000000 
49653.000000 
67402.000000 
68580.000000 
83072.000000 
48897.000000 
67396.000000 
68582.000000 
73403.000000 
49047.000000 
67796.000000 
68582.000000 
78176.000000 
49088.000000 
65888.000000 
68580.000000 
87087.000000 
48838.000000 
68502.000000 
68588.000000 
78500.000000 
49336.000000 
68407.000000 
68596.000000 
50530.000000 
71000.000000 
68792.000000 
51874.000000 
51131.000000 
53380.000000 
43273.000000 
38932.000000 
100873.000000 
86366.000000 
67584.000000 
117188.000000 
87389.000000 
77234.000000 
59626.000000 
58266.000000 
61827.000000 
43030.000000 
136012.000000 
135743.000000 
101788.000000 
131729.000000 
135035.000000 
99995.000000 
136545.000000 
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X5056B 1.000000 135037.000000 
X5056D 0.000000 100885.000000 
X5057A 0.000000 131903.000000 
X5057B 1.000000 135022.000000 
X5057D 0.000000 99739.000000 
X5071A 0.000000 139261.000000 
X5071B 1.000000 142492.000000 
X5071D 0.000000 107117.000000 
X5111 A 0.000000 15 8718.000000 
X5111B 0.000000 145491.000000 
X5111 D 1.000000 114446.000000 
X5113A 0.000000 148950.000000 
X5113B 0.000000 144734.000000 
X5113D 1.000000 108712.000000 
X5137A 0.000000 144325.000000 
X5137B 0.000000 145422.000000 
X5137D 1.000000 107331.000000 
X5156A 0.000000 124908.000000 
X5156B 0.000000 128790.000000 
X5156D 1.000000 95416.000000 
X5174A 1.000000 129795.000000 
X5174B 0.000000 136481.000000 
X5174 D 0.000000 100210.000000 
X5517A 0.000000 35052.000000 
X5517B 0.000000 28544.000000 
X5517C 0.000000 43518.000000 
X5517D 1.000000 21235.000000 
X5533A 0.000000 28609.000000 
X5533B 1.000000 23286.000000 
X5533C 0.000000 32932.000000 
X5533D 0.000000 17779.000000 
X5536A 0.000000 26845.000000 
X5536B 1.000000 23386.000000 
X5536C 0.000000 29026.000000 
X5536D 0.000000 17157.000000 
X5813A 0.000000 103451.000000 
X5813B 1.000000 103439.000000 
X5813D 0.000000 75294.000000 
X6014A 0.000000 34845.000000 
X6014B 1.000000 36460.000000 
X6014C 0.000000 26603.000000 
X6014D 0.000000 26155.000000 
X6016A 0.000000 35385.000000 
X6016B 1.000000 36462.000000 
X6016C 0.000000 31668.000000 
X6016D 0.000000 26268.000000 
X6432A 0.000000 36029.000000 
X6432B 1.000000 36465.000000 
X6432C 0.000000 41956.000000 
X6432D 0.000000 26405.000000 
X6435A 0.000000 35726.000000 
X6435B 1.000000 36462.000000 
X6435C 0.000000 40509.000000 
X6435D 0.000000 26319.000000 
X6437A 0.000000 36311.000000 
X6437B 1.000000 37840.000000 
X6437C 0.000000 37924.000000 
X6437D 0.000000 27002.000000 
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X7251A 0.000000 22791.000000 
X7251 B 0.000000 23107.000000 
X7251 C 1.000000 17214.000000 
X7251 D 0.000000 15185.000000 
X7255A 0.000000 22763.000000 
X7255B 0.000000 23107.000000 
X7255C 1.000000 16412.000000 
X7255D 0.000000 15182.000000 
X9077A 0.000000 134711.000000 
X9077B 0.000000 142477.000000 
X9077D 1.000000 106173.000000 
X9233A 1.000000 83640.000000 
X9233B 0.000000 88155.000000 
X9233D 0.000000 66359.000000 
X85514A 0.000000 31947.000000 
X85514B 1.000000 28707.000000 
X85514C 0.000000 35282.000000 
X85514D 0.000000 20884.000000 
X85534A 0.000000 25954.000000 
X85534B 0.000000 23319.000000 
X85534C 0.000000 27062.000000 
X85534D 1.000000 16687.000000 
Y1_2A 0.000000 0.000000 
Y50_1A 0.000000 0.000000 
Y1 2B 0.000000 0.000000 
Y50_1B 0.000000 0.000000 
Y1_2C 1.000000 0.000000 
Y50-IC 1.000000 0.000000 
Y1_2D 0.000000 0.000000 
Y50_1D 0.000000 0.000000 
Y2_3A 0.000000 0.000000 
Y2-3B 0.000000 0.000000 
Y2_3C 1.000000 0.000000 
Y2_3D 0.000000 0.000000 
Y3 4A 0.000000 0.000000 
Y3_4B 3.000000 0.000000 
Y3 
- 
4C 0.000000 0.000000 
Y3_4D 1.000000 0.000000 
Y4_5A 1.000000 0.000000 
Y4_5B 2.000000 0.000000 
Y4_5C 0.000000 0.000000 
Y4_5D 1.000000 0.000000 
YS 6A 2.000000 0.000000 
Y5_6B 1.000000 0.000000 
Y5_6C 0.000000 0.000000 
Y5_6D 1.000000 0.000000 
Y6_7A 0.000000 0.000000 
Y6_7B 3.000000 0.000000 
Y6_7C 0.000000 0.000000 
Y63D 2.000000 0.000000 
Y7_8A 0.000000 0.000000 
Y7_8B 4.000000 0.000000 
Y7_8C 0.000000 0.000000 
Y7_8D 2.000000 0.000000 
Y8_9A 0.000000 0.000000 
Y8_9B 4.000000 0.000000 
Y8 9C 0.000000 0.000000 
Y8-9D 0.000000 0.000000 
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Y9-10A 0.000000 
Y9-10B 1.000000 
Y9_lOC 1.000000 
Y9_ 10D 0.000000 
Y10-11A 0.000000 
Y 10_11 B 2.000000 
Yl0_11C 1.000000 
Y10-11D 1.000000 
Y11_12A 1.000000 
Y 11_ 12B 2.000000 
Y11_12C 1.000000 
Y11_12D 2.000000 
Y 12_ 13A 1.000000 
Y12_13B 1.000000 
Y12_13C 1.000000 
Y12_13D 2.000000 
Y 13_ 14A 1.000000 
Y13_14B 0.000000 
Y13_14C 1.000000 
Y 1314D 14D 1.000000 
Y14_15A 1.000000 
Y 1415B 15B 0.000000 
Y14_15C 1.000000 
Y 1415D 0.000000 
Y15_16A 1.000000 
Y15_16B 0.000000 
Y15_16C 1.000000 
Y15_16D 0.000000 
Y16_17A 1.000000 
Y16_17B 0.000000 
Y16_17C 1.000000 
Y16_17D 0.000000 
Y17_18A 0.000000 
Y17_18B 1.000000 
Y 1718C 1.000000 
Y 1718D 0.000000 
Y18_19A 0.000000 
Y18_19B 1.000000 
Y18_19C 1.000000 
Y 1819D 19D 0.000000 
Y 1920A 0.000000 
Y 1920B 3.000000 
Y 19_20C 1.000000 
Y19_20D 1.000000 
Y2021 A 0.000000 
Y2021 B 3.000000 
Y20_21C 0.000000 
Y2021 D 1.000000 
Y21 22A 0.000000 
Y21_22B 2.000000 
Y21_22C 0.000000 
Y21_22D 0.000000 
Y22_23A 0.000000 
Y22_23B 1.000000 
Y22_23C 0.000000 
Y22_23D 0.000000 
Y23_24A 1.000000 
Y23_24B 1.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
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Y23_24C 0.000000 0.000000 
Y23_24D 0.000000 0.000000 
Y24_25A 1.000000 0.000000 
Y24_25B 1.000000 0.000000 
Y24 25C 0.000000 0.000000 
Y24_25D 0.000000 0.000000 
Y25_26A 1.000000 0.000000 
Y25_26B 1.000000 0.000000 
Y25_26C 0.000000 0.000000 
Y25 26D 0.000000 0.000000 
Y26_27A 1.000000 0.000000 
Y26 27B 2.000000 0.000000 
Y26 27C 2.000000 0.000000 
Y26 27D 0.000000 0.000000 
Y27_28A 1.000000 0.000000 
Y27 28B 1.000000 0.000000 
Y27 28C 2.000000 0.000000 
Y27 28D 0.000000 0.000000 
Y28_29A 0.000000 0.000000 
Y28 29B 0.000000 0.000000 
Y28 29C 1.000000 0.000000 
Y28_29D 0.000000 0.000000 
Y29_30A 0.000000 0.000000 
Y29_30B 1.000000 0.000000 
Y29_30C 1.000000 0.000000 
Y29-30D 0.000000 0.000000 
Y30 31A 1.000000 0.000000 
Y30_3 1B 1.000000 0.000000 
Y30_3 1C0.000000 0.000000 
Y30_31D 1.000000 0.000000 
Y31_32A 1.000000 0.000000 
Y31_32B 2.000000 0.000000 
Y31 32C 0.000000 0.000000 
Y31_32D 0.000000 0.000000 
Y32 33A 0.000000 0.000000 
Y32 33B 2.000000 0.000000 
Y32 33C 1.000000 0.000000 
Y32 33D 0.000000 0.000000 
Y33_34A 0.000000 0.000000 
Y33_34B 5.000000 0.000000 
Y33_34C 2.000000 0.000000 
Y33_34D 1.000000 0.000000 
Y34 35A 0.000000 0.000000 
Y34 35B 4.000000 0.000000 
Y34 35C 0.000000 0.000000 
Y34_35D 1.000000 0.000000 
Y35_36A 0.000000 0.000000 
Y35_36B 4.000000 0.000000 
Y35 36C 0.000000 0.000000 
Y35-36D 1.000000 0.000000 
Y36_37A 0.000000 0.000000 
Y36_37B 2.000000 0.000000 
Y36_37C 0.000000 0.000000 
Y36_37D 0.000000 0.000000 
. 
Y37-38A 0.000000 0.000000 
Y37-38B 2.000000 0.000000 
Y37-38C 0.000000 0.000000 
Y37-38D 0.000000 0.000000 
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Y3839A 1.000000 0.000000 
Y38_39B 1.000000 0.000000 
Y38 39C 1.000000 0.000000 
Y38_39D 0.000000 0.000000 
Y39 40A 1.000000 0.000000 
Y39_40B 1.000000 0.000000 
Y39 40C 1.000000 0.000000 
Y39 40D 0.000000 0.000000 
Y40_41 A 0.000000 0.000000 
Y40-41 B 1.000000 0.000000 
Y40_41 C 1.000000 0.000000 
Y40-41 D 0.000000 0.000000 
Y41 42A 0.000000 0.000000 
Y41_42B 4.000000 0.000000 
Y41_42C 2.000000 0.000000 
Y41 42D 0.000000 0.000000 
Y42 43A 0.000000 0.000000 
Y42_43B 2.000000 0.000000 
Y42 43C 0.000000 0.000000 
Y42_43D 1.000000 0.000000 
Y43 44A 0.000000 0.000000 
Y43_44B 1.000000 0.000000 
Y43_44C 0.000000 0.000000 
Y43_44D 0.000000 0.000000 
Y44_45A 1.000000 0.000000 
Y44 45B 0.000000 0.000000 
Y44 45C 0.000000 0.000000 
Y44_45D 0.000000 0.000000 
Y45 46A 1.000000 0.000000 
Y45_46B 1.000000 0.000000 
Y45 46C 0.000000 0.000000 
Y45 46D 1.000000 0.000000 
Y46 47A 0.000000 0.000000 
Y46_47B 1.000000 0.000000 
Y46-47C 0.000000 0.000000 
Y46_47D 2.000000 0.000000 
Y47_48A 0.000000 0.000000 
Y47 48B 1.000000 0.000000 
Y47_48C 1.000000 0.000000 
Y47 48D 0.000000 0.000000 
Y48_49A 0.000000 0.000000 
Y48 49B 0.000000 0.000000 
Y48 49C 1.000000 0.000000 
Y48 49D 0.000000 0.000000 
Y49_50A 0.000000 0.000000 
Y49_50B 2.000000 0.000000 
Y49_50C 1.000000 0.000000 
Y49_50D 0.000000 0.000000 
NO. ITERATIONS= 851 
BRANCHES= 1 DETERM. = 1.000E 0 
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Appendix 4. Neural network program for solving air cargo fleet 
assignment problem. 
4.1 Script m-file 
FILE NAME=odebinfam. m 
tspan=0.0: 0.0001: 0.001; 
v0=zeros(735,1); 
tO=cputime; 
(t, vl=ode23('binfam', tspan, v0); 
cputime-t0 
save binary. txt tv t0 -ascii; 
4.2 Function m-file 
FILE NAME=binfam. m 
function v=binfam(t, v); %735 
u=2.0; 
k1=1000000; % schedule balance 
k2=1000000; % fleet size 
k3=1000000; % required through 
k4=1000000; % flight coverage 
k5=1000000; % binary 
k6=1000000; % integer 
%Monday %Node 1 
sbml= -v(211)-(v(286)+2*v(287))+v(107)+(v(727)+2*v(728)); 
sbm2= -v(212)-(v(288)+2*v(289)+4*v(290))+v(108)+(v(729)+2*v(730)+4*v(731)); 
sbm3= -(v(291)+2*v(292))+v(109)+(v(732)+2*v(733)); 
sbm4= -v(213)-(v(293)+2*v(294))+V(110)+(v(734)+2*v(735)); 
%Node 2 
sbm5= -v(55)-(v(295)+2*v(296))+v(100)+(v(286)+2*v(287)); 
sbm6= -v(56)-(v(297)+2*v(298)+4*v(299))+v(101)+(v(288)+2*v(289)+4*v(290)); 
sbm7= -(v(300)+2*v(301))+(v(291)+2*v(292)); 
sbm8= -v(57)-(v(302)+2*v(303))+v(102)+(v(293)+2*v(294)); 
%Node 3 
sbm9= -v(264)-(v(304)+2*v(305))+v(31)+v(91)+v(223)+v(260)+(v(295)+2*v(296)); 
sbm10= -v(265)- 
(v(306)+2*v(307)+4*v(308))+v(32)+v(92)+v(224)+v(261)+(v(297)+2*v(298)+4*v(299)); 
sbmll= -v(266)-(v(309)+2*v(310))+v(262)+(v(300)+2*v(301)); 
sbml2= -v(267)-(v(311)+2*v(312))+v(33)+v(93)+v(225)+v(263)+(v(302)+2*v(303)); 
%Node 4 
sbml3= -v(40)-(v(313)+2*v(314))+v(73)+(v(304)+2*v(305)); 
sbm14= -v(41)-(v(315)+2*v(316)+4*V(317))+v(74)+(V(306)+2*v(307)+4*v(308)); 
sbml5= -(v(318)+2*v(319))+(v(309)+2*v(310)); 
sbml6= -v(42)-(v(320)+2*v(321))+v(75)+(v(311)+2*v(312)); 
%Node 5 
sbm17= -v(ill)-v(189)-(v(322)+2*v(323))+v(127)+v(175)+(v(313)+2*v(314)); 
sbm18= -v(112)-v(190)- 
(v(324)+2*v(325)+4*v(326))+v(128)+v(176)+(v(315)+2*v(316)+4*v(317)); 
sbmi9= -v(113)-(v(327)+2*v(328))+v(129)+v(177)+(v(318)+2*v(319)); 
sbm20= -v(114)-v(191)-(v(329)+2*v(330))+v(130)+v(178)+(v(320)+2*v(321)); 
%Node 6 
sbm21= -v(159)-v(1)-(v(331)+2*v(332))+v(61)+v(64)+v(272)+(v(322)+2*v(323)); 
sbm22= -v(160)-v(2)- 
(v(333)+2*v(334)+4*v(335))+v(62)+v(65)+v(273)+(v(324)+2*v(325)+4*v(326)); 
sbm23= -v(161)-(v(336)+2*v(337))+(v(327)+2*v(328)); 
sbm24= -v(162)-v(3)-(v(338)+2*v(339))+v(63)+v(66)+v(274)+(v(329)+2*v(330)); 
%Node 7 
sbm25= -(v(340)+2*v(341))+v(155)+(v(331)+2*v(332)); 
sbm26= -ly(342)+2*v(343)+4*v(344))+v(156)+(v(333)+2*v(334)+4*v(335)); 
sbm27= -(v(345)+2*v(346))+v(157)+(v(336)+2*v(337)); 
sbm28= -(v(347)+2*V(348))+v(158)+(v(338)+2*v(339)); 
$Node 8 
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sbm29= -v(214)-v(179)-(v(349)+2*v(350))+(v(340)+2*v(341)); 
sbm30= -v(215)-v(180)-(v(351)+2*v(352)+4*v(353))+(v(342)+2*v(343)+4*v(344)); 
sbm31= -(v(354)+2*v(355))+(v(345)+2*v(346)); 
sbm32= -v(216)-V(181)-(v(356)+2*v(357))+(v(347)+2*v(348)); 
%Node 9 
sbm33= -v(16)-v(76)-v(252)-(v(358)+2*v(359))+v(264)+(v(349)+2*v(350)); 
sbm34= -v(17)-v(77)-v(253)-(v(360)+2*v(361)+4*v(362))+v(265)+(v(351)+2*v(352)+4*v(353)); 
sbm35= -v(254)-(v(363)+2*v(364))+v(266)+(v(354)+2*v(355)); 
sbm36= -v(18)-v(78)-v(255)-(v(365)+2*v(366))+v(267)+(v(356)+2*v(357)); 
%Tuesday %Node 10 
sbt37= -v(46)-v(97)-(v(367)+2*v(368))+v(208)+v(67)+v(94)+v(220)+(v(358)+2*v(359)); 
sbt38= -v(47)-v(98)- 
(v(369)+2*v(370)+4*v(371))+v(209)+v(68)+v(95)+v(221)+(v(360)+2*v(361)+4*v(362)); 
sbt39= -(v(372)+2*v(373))+(v(363)+2*v(364)); 
sbt40= -v(48)-v(99)-(v(374)+2*v(375))+v(210)+v(69)+v(96)+v(222)+(v(365)+2*v(366)); 
%Node 11 
sbt4l= -(v(376)+2*v(377))+v(159)+v(179)+(v(367)+2*v(368)); 
sbt42= -(v(378)+2*v(379)+4*v(380))+v(160)+v(180)+(v(369)+2*v(370)+4*V(371)); 
sbt43= -(v(381)+2*v(382))+v(161)+(v(372)+2*V(373)); 
sbt44= -(v(383)+2*V(384))+v(162)+v(181)+(v(374)+2*v(375)); 
%Node 12 
sbt45= -v(139)-(v(385)+2*v(386))+(v(376)+2*v(377)); 
sbt46= -v(140)-(v(387)+2*v(388)+4*v(389))+(V(378)+2*v(379)+4*v(380)); 
sbt47= -v(141)-(v(390)+2*v(391))+(v(381)+2*v(382)); 
sbt48= -v(142)-(v(392)+2*v(393))+(v(383)+2*v(384)); 
%Node 13 
sbt49= -v(195)-v(115)-v(163)-(v(394)+2*v(395))+v(111)+(v(385)+2*v(386)); 
sbt50= -v(196)-v(116)-v(164)- 
(v(396)+2*v(397)+4*v(398))+v(112)+(v(387)+2*v(388)+4*v(389)); 
sbt5l= -v(197)-v(117)-v(165)-(v(399)+2*V(400))+v(113)+(v(390)+2*v(391)); 
sbt52= -v(198)-v(118)-v(166)-(v(401)+2*v(402))+v(114)+(v(392)+2*V(393)); 
%Node 14 
sbt53= -v(49)-v(79)-(v(403)+2*v(404))+v(189)+(v(394)+2*v(395)); 
sbt54= -v(50)-v(80)-(v(405)+2*v(406)+4*V(407))+V(190)+(v(396)+2*v(397)+4*v(398)); 
sbt55= -(v(408)+2*v(409))+(v(399)+2*v(400)); 
sbt56= -v(51)-v(81)-(v(410)+2*v(411))+v(191)+(v(401)+2*v(402)); 
%Node 15 
sbt57= -v(19)-(v(412)+2*v(413))+v(55)+(v(403)+2*v(404)); 
sbt58= -v(20)-(v(414)+2*v(415)+4*V(416))+v(56)+(v(405)+2*v(406)+4*v(407)); 
sbt59= -(v(417)+2*v(418))+(v(408)+2*V(409)); 
sbt60= -v(21)-(v(419)+2*v(420))+V(57)+(v(410)+2*v(411)); 
%Wednesday %Node 16 
sbw6l= -v(241)-(v(421)+2*v(422))+v(40)+(v(412)+2*v(413)); 
sbw62= -v(242)-(v(423)+2*v(424)+4*v(425))+v(41)+(v(414)+2*v(415)+4*v(416)); 
sbw63= -(V(426)+2*V(427))+(v(417)+2*v(418)); 
sbw64= -v(243)-(v(428)+2*v(429))+v(42)+(v(419)+2*v(420)); 
%Node 17 
sbw65= -v(275)-v(103)-(v(430)+2*v(431))+v(211)+v(252)+(v(421)+2*v(422)); 
sbw66= -v(276)-v(104)- 
(v(432)+2*v(433)+4*v(434))+v(212)+v(253)+(v(423)+2*v(424)+4*v(425)); 
sbw67= -v(105)-(v(435)+2*v(436))+v(254)+(v(426)+2*v(427)); 
sbw68= -v(277)-v(106)-(v(437)+2*v(438))+v(213)+v(255)+(v(428)+2*v(429)); 
%Node 18 
sbw69= -v(34)-v(233)-V(4)-(v(439)+2*v(440))+v(214)+v(1)+v(16)+(v(430)+2*v(431)); 
sbw70= -v(35)-v(234)-v(5)- 
(v(441)+2*v(442)+4*v(443))+v(215)+v(2)+v(17)+(v(432)+2*v(433)+4*v(434)); 
sbw7l= -v(235)-(v(444)+2*v(445))+(v(435)+2*v(436)); 
sbw72= -v(36)-v(236)-v(6)-(v(446)+2*V(447))+v(216)+v(3)+v(18)+(v(437)+2*v(438)); 
%Node 19 
sbw73= -v(143)-(v(448)+2*v(449))+v(139)+v(195)+v(76)+v(115)+(v(439)+2*v(440)); 
sbw74= -v(144)- 
(v(450)+2*v(451)+4*v(452))+v(140)+v(196)+v(77)+v(116)+(v(441)+2*v(442)+4*v(443)); 
sbw75= -v(145)-(v(453)+2*v(454))+v(141)+v(197)+v(117)+(v(444)+2*v(445)); 
sbw76= -v(146)-(v(455)+2*v(456))+v(142)+v(198)+v(78)+v(118)+(v(446)+2*v(447)); 
%Node 20 
sbw77= -V(119)-(V(457)+2*v(458))+(v(448)+2*v(449)); 
sbw78= -v(120)-(v(459)+2*v(460)+4*v(461))+(v(450)+2*v(451)+4*v(452)); 
sbw79= -v(121)-(v(462)+2*v(463))+(v(453)+2*v(454)); 
sbw80= -v(122)-(v(464)+2*v(465))+(v(455)+2*v(456)); 
%Node 21 
sbw81= -v(202)-v(217)-v(58)-(v(466)+2*v(467))+v(103)+(v(457)+2*v(458)); 
sbw82= -v(203)-v(218)-v(59)- 
(v(468)+2*V(469)+4*v(470))+V(104)+(v(459)+2*v(460)+4*v(461)); 
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sbw83= -(v(471)+2*v(472))+v(105)+(v(462)+2*v(463)); 
sbw84= -v(204)-v(219)-v(60)-(v(473)+2*v(474))+v(106)+(v(464)+2*v(465)); 
%Node 22 
sbw85= -v(82)-v(22)-(v(475)+2*v(476))+v(233)+(v(466)+2*v(467)); 
sbw86= -v(83)-v(23)-(v(477)+2*v(478)+4*v(479))+v(234)+(v(468)+2*v(469)+4*v(470)); 
sbw87= -(v(480)+2*v(481))+v(235)+(v(471)+2*v(472)); 
sbw88= -v(84)-v(24)-ly(482)+2*v(483))+v(236)+(v(473)+2*v(474)); 
%Thursday %Node 23 
sbh89= -v(244)-(v(484)+2*v(485))+v(163)+v(275)+(v(475)+2*v(476)); 
sbh90= -v(245)-(v(486)+2*v(487)+4*v(488))+v(164)+v(276)+(v(477)+2*v(478)+4*v(479)l; 
sbh9l= -v(246)-(v(489)+2*v(490))+v(165)+(v(480)+2*v(481)); 
sbh92= -v(247)-(v(491)+2*v(492))+v(166)+v(277)+(v(482)+2*v(483)); 
Mode 24 
sbh93= -v(199)-v(282)-v(10)-(v(493)+2*v(494))+v(241)+v(19)+v(79)+(v(484)+2*v(485)); 
sbh94= -v(200)-v(283)-v(11)- 
(v(495)+2*v(496)+4*v(497))+v(242)+v(20)+v(80)+(v(486)+2*v(487)+4*v(488)); 
sbh95= -v(284)-(v(498)+2*v(499))+(v(489)+2*v(490)1; 
sbh96= -v(201)-v(285)-v(12)-(v(500)+2*v(501))+v(243)+v(21)+v(81)+(v(491)+2*v(492)); 
Mode 25 
sbh97= -v(278)-(v(502)+2*v(503))+v(97)+(v(493)+2*v(494)); 
sbh98= -v(279)-(v(504)+2*v(505)+4*v(506))+v(98)+(v(495)+2*v(496)+4*v(497) 
sbh99= -v(280)-(v(507)+2*v(508))+(v(498)+2*v(499)); 
sbh100= -v(281)-(v(509)+2*v(510))+v(99)+(v(500)+2*v(501)); 
%Node 26 
sbh101= -(v(511)+2*v(512))+v(143)+v(119)+v(49)+(v(502)+2*v(503)); 
sbh102= -(v(513)+2*v(514)+4*v(515))+v(144)+v(120)+v(50)+(v(504)+2*v(505)+4*v(506)); 
sbh103= -(v(516)+2*v(517))+v(145)+v(121)+(v(507)+2*v(508)); 
sbh103l= -(v(518)+2*v(519))+v(146)+v(122)+v(51)+(v(509)+2*v(510)); 
%Node 27 
sbh104= -v(167)-(v(520)+2*v(521))+(v(511)+2*v(512)); 
sbh105= -v(168)-(v(522)+2*v(523)+4*v(524))+(v(513)+2*v(514)+4*v(515)); 
sbh106= -v(169)-(v(525)+2*v(526))+(v(516)+2*v(517)); 
sbh107= -v(170)-(v(527)+2*v(528))+(v(518)+2*v(519)); 
%Node 28 
sbh108= -v(182)-v(135)-v(70)-v(85)-v(25)-v(226)-v(147)-(v(529)+2*v(530)) +v(34)+ v(46) 
+v(244) +v(282)+(v(520)+2*v(521)); 
sbh109= -v(183)-v(136)-v(71)-v(86)-v(26)-v(227)-v(148)-(v(531)+2*v(532)+4*v(533)) +v(35) 
+v(47)+v(245)+v(283)+(v(522)+2*v(523)+4*v(524)); 
sbh110= -v(137)-v(149)-(v(534)+2*v(535))+v(246)+v(284)+(v(525)+2*v(526)); 
sbhlll= -v(184)-v(138)-v(72)-v(87)-v(27)-v(228)-v(150)-(v(536)+2*v(537)) +v(36) +v(48) 
+v(247)+v(285)+(v(527)+2*v(528)); 
%Friday%Node 29 
sbf112= -v(256)-(v(538)+2*v(539))+v(278)+v(58)+(v(529)+2*v(530)); 
sbf113= -v(257)-(v(540)+2*v(541)+4*v(542))+v(279)+v(59)+(v(531)+2*v(532)+4*v(533)); 
sbfll4= -v(258)-(v(543)+2*v(544))+v(280)+(v(534)+2*v(535)); 
sbfll5= -v(259)-(v(545)+2*v(546))+v(281)+v(60)+(v(536)+2*v(537)); 
BNode 30 
sbfll6= -v(268)-(v(547)+2*v(548))+v(217)+v(4)+(v(538)+2*v(539)); 
sbfll7= -v(269)-(v(549)+2*v(550)+4*v(551))+v(218)+v(5)+(v(540)+2*v(541)+4*v(542)); 
sbfllS= -v(270)-(v(552)+2*v(553))+(v(543)+2*v(544)); 
sbfll9= -v(271)-(v(554)+2*v(555))+v(219)+v(6)+(v(545)+2*v(546)); 
%Node 31 
sbf120= -v(43)-(v(556)+2*v(557))+v(82)+(v(547)+2*v(548)); 
sbfl2l= -v(44)-(v(558)+2*v(559)+4*v(560))+v(83)+(v(549)+2*v(550)+4*v(551)); 
sbfl22= -(v(561)+2*v(562))+(v(552)+2*v(553)); 
sbfl23= -v(45)-(v(563)+2*v(564))+v(84)+(v(554)+2*v(555)); 
%Node 32 
sbf124= -v(7)-(v(565)+2*v(566))+v(268)+(v(556)+2*v(557)); 
sbf125= -v(8)-(v(567)+2*v(568)+4*v(569))+v(269)+(v(558)+2*v(559)+4*v(560)); 
sbf126= -(v(570)+2*v(571))+v(270)+(v(561)+2*v(562)); 
sbfl27= -v(9)-(v(572)+2*v(573))+v(271)+(v(563)+2*v(564)); 
%Node 33 
sbf128= -(v(574)+2*v(575))+v(182)+v(167)+v(202)+v(22)+v(135)+(v(565)+2*v(566)); 
sbf129= - 
(v(576)+2*v(577)+4*v(578))+v(183)+v(168)+v(203)+v(23)+v(136)+(v(567)+2*v(568)+4*v(569)); 
sbf130= -(v(579)+2*v(580))+v(169)+v(137)+(v(570)+2*v(571)); 
sbf131= -(v(581)+2*v(582))+v(184)+v(170)+v(204)+v(24)+v(138)+(v(572)+2*v(573)); 
%Node 34 
sbf132= -v(171)-v(123)-v(151)-(v(583)+2*v(584))+(v(574)+2*v(575)); 
sbf133= -v(172)-v(124)-v(152)-(v(585)+2*v(586)+4*v(587))+(v(576)+2*v(577)+4*v(578)); 
sbf134= -v(173)-v(125)-v(153)-(v(588)+2*v(589))+(v(579)+2*v(580)); 
sbf135= -v(174)-v(126)-v(154)-(v(590)+2*v(591))+(v(581)+2*v(582)); 
%Node 35 
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sbf136= -v(37)-(v(592)+2*v(593))+v(147)+(v(583)+2*v(584)); 
sbfl37= -v(38)-(V(594)+2*v(595)+4*v(596))+v(148)+(V(585)+2*v(586)+4*v(587)); 
sbf138= -(v(597)+2*v(598))+v(149)+(v(588)+2*v(589)); 
sbf139= -v(39)-(v(599)+2*v(600))+v(150)+(v(590)+2*v(591)); 
%Node 36 
sbf140= -v(52)-v(88)-v(28)-v(205)-(v(601)+2*v(602))+v(10)+(v(592)+2*v(593)); 
sbfl4l= -v(53)-v(89)-v(29)-v(206)- 
(v(603)+2*v(604)+4*v(605))+v(11)+(v(594)+2*v(595)+4*v(596)); 
sbfl42= -(v(606)+2*v(607))+(v(597)+2*v(598)); 
sbfl43= -v(54)-v(90)-v(30)-v(207)-(v(608)+2*v(609))+v(12)+(v(599)+2*v(600)); 
%Saturday%Node 37 
sbsl44= -v(248)-(v(610)+2*v(611))+v(256)+(v(601)+2*v(602)); 
sbs145= -v(249)-(v(612)+2*v(613)+4*v(614))+v(257)+(v(603)+2*v(604)+4*v(605)); 
sbsl46= -v(250)-(v(615)+2*v(616))+V(258)+(v(606)+2*v(607)); 
sbs147= -v(251)-(v(617)+2*v(618))+v(259)+(v(608)+2*v(609)); 
%Node 38 
sbsl48= -v(237)-v(13)-(v(619)+2*v(620))+v(199)+v(226)+v(123)+(v(610)+2*V(611)); 
sbsl49= -v(238)-v(14)- 
(v(621)+2*v(622)+4*v(623))+v(200)+v(227)+v(124)+(v(612)+2*v(613)+4*v(614)); 
sbsl5O= -v(239)-(v(624)+2*v(625))+v(125)+(v(615)+2*v(616)); 
sbsl5l= -V(240)-v(15)-(v(626)+2*v(627))+v(201)+v(228)+v(126)+(v(617)+2*v(618)); 
%Node 39 
sbs152= -v(100)-(v(628)+2*v(629))+v(70)+(v(619)+2*v(620)); 
sbsl53= -v(101)-(v(630)+2*v(631)+4*v(632))+v(71)+(v(621)+2*v(622)+4*v(623)); 
sbs154= -(v(633)+2*v(634))+(v(624)+2*v(625)); 
sbsl55= -v(102)-(v(635)+2*v(636))+v(72)+(v(626)+2*v(627)); 
%Node 40 
sbsl56= -v(73)-v(192)-(v(637)+2*v(638))+v(25)+(v(628)+2*v(629)); 
sbs157= -v(74)-v(193)-(v(639)+2*v(640)+4*v(641))+v(26)+(v(630)+2*V(631)+4*v(632)); 
sbsl58= -(v(642)+2*v(643))+(v(633)+2*v(634)); 
sbsl59= -v(75)-v(194)-(v(644)+2*v(645))+v(27)+(v(635)+2*v(636)); 
%Node 41 
sbs160= -(v(646)+2*v(647))+v(85)+v(151)+v(248)+v(171)+(v(637)+2*v(638)); 
sbsl6l= - 
(v(648)+2*v(649)+4*v(650))+v(86)+v(152)+v(249)+v(172)+(v(639)+2*v(640)+4*v(641)); 
sbsl62= -(v(651)+2*v(652))+V(153)+v(250)+v(173)+(v(642)+2*v(643)); 
sbsl63= -(v(653)+2*V(654))+v(87)+v(154)+v(251)+v(174)+(v(644)+2*v(645)); 
%Node 42 
sbsl64= -v(131)-v(185)-v(61)-v(91)-v(64)- 
(v(655)+2*v(656))+v(43)+v(237)+(v(646)+2*v(647)); 
sbsl65= -v(132)-v(186)-v(62)-v(92)-v(65)- 
(v(657)+2*v(658)+4*v(659))+v(44)+v(238)+(v(648)+2*v(649)+4*v(650)); 
sbs166= -v(133)-v(187)-(v(660)+2*v(661))+v(239)+(v(651)+2*v(652)); 
sbs167= -v(134)-v(188)-v(63)-v(93)-v(66)- 
(v(662)+2*v(663))+v(45)+v(240)+(v(653)+2*v(654)); 
%Node 43 
sbsl68= -v(31)-v(223)-(v(664)+2*v(665))+(v(655)+2*v(656)); 
sbs169= -v(32)-v(224)-(v(666)+2*v(667)+4*v(668))+(v(657)+2*v(658)+4*v(659)); 
sbs170= -(v(669)+2*v(670))+(v(660)+2*v(661)); 
sbsl7l= -v(33)-v(225)-(v(671)+2*v(672))+(v(662)+2*v(663)); 
%Sunday%Node 44 
sbu172= -v(260)-(v(673)+2*v(674))+v(7)+(v(664)+2*v(665)); 
sbul73= -v(261)-(v(675)+2*v(676)+4*v(677))+v(8)+(v(666)+2*v(667)+4*V(668)); 
sbu174= -v(262)-(v(678)+2*v(679))+(v(669)+2*v(670)); 
sbu175= -v(263)-(v(680)+2*v(681))+v(9)+(v(671)+2*v(672)); 
%Node 45 
sbu176= -v(107)-(v(682)+2*v(683))+v(37)+v(52)+v(28)+(v(673)+2*v(674)); 
sbu177= -v(108)-(v(684)+2*v(685)+4*v(686))+v(38)+v(53)+V(29)+(v(675)+2*v(676)+4*v(677)); 
sbu178= -v(109)-(v(687)+2*v(688))+(v(678)+2*v(679)); 
sbu179= -v(110)-(v(689)+2*v(690))+v(39)+v(54)+v(30)+lv(680)+2*v(681)); 
%Node 46 
sbu180= -v(175)-(v(691)+2*v(692))+v(88)+(v(682)+2*v(683)); 
sbu181= -v(176)-(v(693)+2*v(694)+4*V(695))+v(89)+(v(684)+2*v(685)+4*v(686)); 
sbu182= -v(177)-(v(696)+2*v(697))+(v(687)+2*v(688)); 
sbu183= -v(178)-(v(698)+2*v(699))+v(90)+(v(689)+2*v(690)); 
%Node 47 
sbu184= -v(272)-v(229)-(v(700)+2*v(701))+v(131)+(v(691)+2*v(692)); 
sbul85= -v(273)-v(230)-(v(702)+2*v(703)+4*v(704))+v(132)+(v(693)+2*v(694)+4*V(695)); 
sbu1S6= -v(231)-(v(705)+2*v(706))+v(133)+(v(696)+2*v(697)); 
sbu187= -V(274)-v(232)-(v(707)+2*v(708))+v(134)+(v(698)+2*v(699)); 
%Node 48 
sbu188= -V(127)-v(155)-(v(709)+2*v(710))+v(185)+(v(700)+2*v(701)); 
sbu189= -v(128)-v(156)-(v(711)+2*v(712)+4*v(713))+v(186)+(v(702)+2*V(703)+4*v(704)); 
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sbu190= -v(129)-v(157)-(v(714)+2*v(715))+v(187)+(v(705)+2*v(706)); 
sbu191= -v(130)-v(158)-(v(716)+2*v(717))+v(188)+(v(707)+2*v(708)); 
%Node 49 
sbul92= -v(220)-v(94)-(v(718)+2*v(719))+v(229)+v(205)+v(13)+v(192)+(v(709)+2*v(710)); 
sbu193= -v(221)-v(95)- 
(v(720)+2*v(721)+4*v(722))+v(230)+v(206)+v(14)+v(193)+(v(711)+2*v(712)+4*v(713)); 
sbul94= -(v(723)+2*v(724))+v(231)+(v(714)+2*v(715)); 
sbu195= -v(222)-v(96)-(v(725)+2*v(726))+v(232)+v(207)+v(15)+v(194)+(v(716)+2*v(717)); 
%Node 50 
sbul96= -v(208)-v(67)-(v(727)+2*v(728))+(v(718)+2*v(719)); 
sbu197= -v(209)-v(68)-(v(729)+2*v(730)+4*v(731))+(v(720)+2*v(721)+4*v(722)); 
sbu198= -(v(732)+2*v(733))+(v(723)+2*v(724)); 
sbu199= -v(210)-v(69)-(v(734)+2*v(735))+(v(725)+2*v(726)); 
$ 
%Fleet size %Node 33-34 Friday; 2000-2025 
ac1='v(199) +v(10) +v(147) +v(70) +v(85) +v(226) +v(25) +v(256) +v(43) +v(7) 
act= v(200) +v(11) +v(148) +v(71) +v(86) +v(227) +v(26) +v(257) +v(44) 
+(v(576)+2*v(577)+4*v(578))-11; 
ac3= v(149) +v(258) +(v(579)+2*v(580)) -2; 
+v (8) 
ac4= v(201) +v(12) +v(150) +v(72) +v(87) +v(228) +v(27) +v(259) +v(45) +v(9) 
+(v(581)+2*v(582))-3; 
$ 
%Flight coverage 
fcl= v(1) + v(2) + v(3) - 1; 
fc2= v(4) + v(5) + v(6) - 1; 
fc3= v(7) + v(8) + v(9) - 1; 
fc4= v(10) + v(il) + v(12) - 1; 
fc5= v(13) + v(14) + v(15) - 1; 
fc6= v(16) + v(17) 
fc7= v(19) + v(20) 
fc8= v(22) + v(23) 
fc9= v(25) + v(26) 
fc10= v(28) 
fc11= v(31) 
fcl2= v(34) 
fcl3= v(37) 
fcl4= v(40) 
fc15= v(43) 
fc16= v(46) 
fc17= v(49) 
fc18= v(52) 
fc19= v(55) 
fc20= v(58) 
fc2l= v(61) 
fc22= v(64) 
fc23= v(67) 
fc24= v(70) 
fc25= v(73) 
fc26= v(76) 
fc27= v(79) 
+ v(18) - 1; 
+ v(21) - 1; 
+ v(24) - 1; 
+ v(27) - 1; 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
v(29) + v(30) - 1; 
v(32) + v(33) - 1; 
v(35) + v(36) - 1; 
v(38) + v(39) - 1; 
v(41) + v(42) - 1; 
v(44) + v(45) - 1; 
v(47) + v(48) - 1; 
v(50) + v(51) - 1; 
v(53) + v(54) - 1; 
v(56) + v(57) - 1; 
v(59) + v(60) - 1; 
v(62) + v(63) - 1; 
v(65) + v(66) - 1; 
v(68) + v(69) - 1; 
v(71) + v(72) - 1; 
v(74) + v(75) - 1; 
v(77) + v(78) - 1; 
v(80) + v(81) - 1; 
v(83) + v(84) - 1; 
v(86) + v(87) - 1; 
v(89) + v(90) - 1; 
v(92) + v(93) - 1; 
v(95) + v(96) - 1; 
v(98) + v(99) - 1; 
V(101) + v(102) - 1; 
v(104) + v(105) + v(106) - 
v(108) + v(109) + v(110) - 1; 
v(112) + v(113) + v(114) - 1; 
v(116) + v(117) + v(118) - 1; 
v(120) + v(121) + v(122) - 1; 
v(124) + v(125) + v(126) - 1; 
v(128) + v(129) + v(130) - 1; 
v(132) + v(133) + v(134) - 1; 
v(136) + v(137) + v(138) - 1; 
v(140) + v(141) + v(142) - 1; 
v(144) + v(145) + v(146) - 1; 
v(148) + v(149) + v(150) - 1; 
v(152) + v(153) + v(154) - 1; 
v(156) + v(157) + v(158) - 
v(160) + v(161) + v(162) - 1; 
+ 
+ 
+ 
+ 
+ 
fc28= v(82) + 
fc29= v(85) + 
fc30= v(88) + 
fc3l= v(91) + 
fc32= v(94) + 
fc33= v(97) + 
fc34= v(100) + 
fc35= v(103) + 
fc36= v(107) + 
fc37= v(111) + 
fc38= v(115) + 
fc39= v(119) + 
fc40= v(123) + 
fc41= v(127) + 
fc42= v(131) + 
fc43= v(135) + 
fc44= v(139) + 
fc45= v(143) + 
fc46= v(147) + 
fc47= v(151) + 
fc48= v(155) + 
fc49= v(159) + 
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fc50= v(163) + v(164) 
fc5l= v(167) + v(168) 
fc52= v(171) + v(172) 
fc53= v(175) + v(176) 
fc54= v(179) + v(180) 
fc55= v(182) + v(183) 
fc56= v(185) + v(186) 
fc57= v(189) + v(190) 
fc58= v(192) + v(193) 
fc59= v(195) + v(196) 
fc60= v(199) + v(200) 
fc6l= v(202) + v(203) 
fc62= v(205) + v(206) 
fc63= v(208) + v(209) 
fc64= v(211) + v(212) 
fc65= v(214) + v(215) 
fc66= v(217) + v(218) 
fc67= v(220) + v(221) 
fc68= v(223) + v(224) 
fc69= v(226) + v(227) 
fc70= v(229) + v(230) 
fc7l= v(233) + v(234) 
fc72= v(237) + v(238) 
fc73= v(241) + v(242) 
fc74= v(244) + v(245) 
fc75= v(248) + v(249) 
fc76= v(252) + v(253) 
fc77= v(256) + v(257) 
fc78= v(260) + v(261) 
fc79= v(264) + v(265) 
fc80= v(268) + v(269) 
fc8l= v(272) + v(273) 
fc82= v(275) + v(276) 
fc83= v(278) + v(279) 
fc84= v(282) + v(283) 
%Required through 
+ v(165) + v(166) - 1; 
+ v(169) + v(170) - 1; 
+ v(173) + v(174) - 1; 
+ v(177) + v(178) - 1; 
+ v(181) - 1; 
+ v(184) - 1; 
+ v(187) + v(188) - 1; 
+ v(191) - 1; 
+ v(194) - 1; 
+ v(197) + v(198) - 1; 
+ v(201) - 1; 
+ v(204) - 1; 
+ v(207) - 1; 
+ v(210) - 1; 
+ v(213) - 1; 
+ v(216) - 1; 
+ v(219) - 1; 
+ v(222) - 1; 
+ v(225) - 1; 
+ v(228) - 1; 
+ v(231) + v(232) - 1; 
+ v(235) + v(236) - 1; 
+ v(239) + v(240) - 1; 
+ v(243) - 1; 
+ v(246) + v(247) - 1; 
+ v(250) + v(251) - 1; 
+ v(254) + v(255) - 1; 
+ v(258) + v(259) - 1; 
+ v(262) + v(263) - 1; 
+ v(266) + v(267) - 1; 
+ v(270) + v(271) - 1; 
+ v(274) - 1; 
+ v(277) - 1; 
+ v(280) + v(281) - 1; 
+ v(284) + v(285) - 1; 
rtl= v(1) - v(4); rt2= v(4) - v(7); 
rt3= v(2) - v(5); rt4= v(5) - v(8); 
rt5= v(3) - v(6); rt6= v(6) - v(9); 
rt7= v(10) - v(13); 
rtS= v(11) - v(14); 
rt9= v(12) - v(15); 
rt10= v(34) - v(37); 
rt11= v(35) - v(38); 
rt12= v(36) - v(39); 
rt13= v(49) - v(52); 
$ 
rt14= v(50) - v(53); 
rti5= v(51) - v(54); 
rti6= v(55) - v(58); rt17= v(58) 
rt18= v(56) - v(59); rti9= v(59) 
rt20= v(57) - v(60); rt2l= v(60) 
rt22= v(97) - v(100); 
rt23= v(98) - v(101); 
rt24= v(99) - v(102); 
rt25= v(103) - v(107); 
V(61); 
v(62); 
v(63); 
rt26= v(104) - v(108); 
rt27= v(105) - v(109); 
rt28= v(106) - v(110); 
rt29= v(115) - v(119); rt30= v(119) - v(123); 
rt3l= v(123) - v(127); 
rt32= v(116) - v(120); rt33= v(120) - v(124); rt34= 
rt35= v(117) - v(121); rt36= v(121) - v(125); rt37= 
rt38= v(118) - v(122); rt39= v(122) - v(126); rt40= 
rt41= v(179) - v(182); 
rt42= v(180) - v(183); 
$ 
rt43= v(181) - v(184); 
rt44= v(189) - v(192); 
rt45= v(190) - v(193); 
rt46= v(191) - v(194); 
v(124) 
v(125) 
v(126) 
v(128); 
v(129); 
v(130); 
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rt47= v(202) 
rt49= v(203) 
rt5l= v(204) 
rt53= v(214) 
rt54= v(215) 
rt55= v(216) 
$ 
rt56= v(233) 
rt57= v(234) 
rt58= v(235) 
rt59= v(236) 
rt6O= v(244) 
rt6l= v(245) 
rt62= v(246) 
rt63= v(247) 
rt64= v(252) 
rt66= v(253) 
rt68= v(254) 
rt70= v(255) 
rt72= v(264) 
rt73= v(265) 
rt74= v(266) 
rt75= v(267) 
v(205); rt48= 
v(206); rt5O= 
v(207); rt52= 
v(217); 
v(218); 
v(219); 
v(237); 
v(238); 
v(239) 
v(240); 
v(248); 
v(249); 
v(250); 
v(251); 
v(256); rt65= 
v(205) - v(208); 
v(206) - v(209); 
v(207) - v(210); 
v(256) - v(260); 
v(257); rt67= v(257) - v(261); 
- v(258); rt69= v(258) - v(262); 
- v(259); rt71= v(259) - v(263); 
- v(268); 
- v(269); 
- v(270); 
- v(271); 
v(1)=-u*(101084 +kl*(-sbm21+ sbw69) +k3*rtl +k4*fcl +k5*bin(v(1))); $ X0231A 
v(2)=-u*(107302 +kl*(-sbm22+ sbw70) +k3*rt3 +k4*fcl +k5*bin(v(2))); $ X0231B 
v(3)=-u*(78964 +kl*(-sbm24+ sbw72) +k3*rt5 +k4*fcl +k5*bin(v(3))); B X0231D 
v(4)=-u*(101079+kl*(-sbw69+sbf116)+k3*(-rtl+rt2)+k4*fc2+k5*bin (v(4))); % X0233A 
v(5)=-u*(107302+kl*(-sbw70+sbf117)+k3*(-rt3+rt4)+k4*fc2+k5*bin(v(5))); % X0233B 
v(6)=-u*(78963 +kl*(-sbw72+sbf1l9)+k3*(-rt5+rt6)+k4*fc2+k5*bin(v(6))); % X0233D 
v(7)=-u*(101055+kl*(-sbf124+sbu172)+k2*ac1+k3*(-rt2)+k4*fc3+k5*bin(v(7))); % X0235A 
v(8)=-u*(107302+k1*(-sbf125+sbu173)+k2*ac2+k3*(-rt4)+k4*fc3+k5*bin (v(8))); % X0235B 
v(9)=-u*(78961 +ki*(-sbf127+sbu175)+k2*ac4+k3*(-rt6)+k4*fc3+k5*bin (v(9))); % X0235D 
v(10)=-u*(127711+kl*(-sbh93+sbf140)+k2*acl+k3*rt7+k4*fc4+k5*bin(v(10))); %X2054A 
8 
v(11)=-u*(107182+kl*(-sbh94+sbf141)+k2*ac2+k3*rt8+k4*fc4+k5*bin(v(11))); %X2054B 
v(12)=-u*(91798 +k1*(-sbh96+sbf143)+k2*ac4+k3*rt9+k4*fc4+k5*bin(v(12))); %X2054D 
v(13)=-u*(120630 +kl*(-sbs148+sbu192)+k3*(-rt7)+k4*fc5+k5*bin(v(13))); % X2056A 
v(14)=-u*(105875 +kl*(-sbs149+sbu193)+k3*(-rt8)+k4*fc5+k5*bin(v(14))); % X2056B 
v(15)=-u*(87190 +kl*(-sbs151+sbu195)+k3*(-rt9)+k4*fc5+k5*bin(v(15))); % X2056D 
v(16)=-u*(107168 +kl*(- sbm33+ sbw69) +k4*fc6 +k5*bin(v(16))); % X2071A 
v(17)=-u*(104783 +k1*(- sbm34+ sbw70) +k4*fc6 +k5*bin(v(17))); % X2071B 
v(18)=-u*(77621 +kl*(- sbm36+ sbw72) +k4*fc6 +k5*bin(v(18))); % X2071D 
v(19)=-u*(124853 +kl*(- sbt57+ sbh93) +k4*fc7 +k5*bin(v(19))); % X2072A 
v(20)=-u*(104934 +kl*(- sbt58+ sbh94) +k4*fc7 +k5*bin(v(20))); % X2072B 
$ 
v(21)=-u*(84012 +kl*(- sbt60+ sbh96) +k4*fc7 +k5*bin(v(21))); % X2072D 
v(22)=-u*(146226 +kl*(- sbw85+ sbfl28) +k4*fc8 +k5*bin(v(22))); % X2073A 
v(23)=-u*(111647 +kl*(- sbw86+ sbfl29) +k4*fc8 +k5*bin(v(23))); % X2073B 
v(24)=-u*(103706 +kl*(- sbw88+ sbfl3l) +k4*fc8 +k5*bin(v(24))); % X2073D 
v(25)=-u*(99784 +kl*(- sbh108+ sbs156)+k2*acl +k4*fc9 +k5*bin(v(25))); % X2074A 
v(26)=-u*(106394 +kl*(- sbh109+ sbsl57)+k2*ac2 +k4*fc9 +k5*bin(v(26))); % X2074B 
v(27)=-u*(89051 +kl*(- sbhlll+ sbsl59)+k2*ac4 +k4*fc9 +k5*bin(v(27))); % X2074D 
v(28)=-u*(108095 +kl*(- sbf140+ sbul76) +k4*fclO +k5*bin(v(28))); % X2075A 
v(29)=-u*(104790 +kl*(- sbfl4l+ sbu177) +k4*fclO +k5*bin(v(29))); % X2075B 
v(30)=-u*(78251 +kl*(- sbfl43+ sbu179) +k4*fclO +k5*bin(v(30))); % X2075D 
96 
v(31)=-u*(116832 
v(32)=-u*(105233 
v(33)=-u*(83186 
V(34)=-u*(104604 
v(35)=-u*(104965 
v(36)=-u*(78775 
v(37)=-u*(100568 
v(38)=-u*(104783 
v(39)=-u*(76920 
v(40)=-u*(128226 
+kl*(- sbs168+ sbm9) +k4*fcll +k5*bin(v(31))); % X2076A 
+kl*(- sbsl69+ sbm10) +k4*fcll +k5*bin(v(32))l; % X20768 
+kl*(- sbsl7l+ sbm12) +k4*fcll +k5*bin(v(33))); % X2076D 
+kl*(-sbw69+sbh108) +k3*rtlO +k4*fc12 +k5*bin(v(34))); % X2133A 
+kl*(-sbw70+sbh109) +k3*rtll +k4*fc12 +k5*bin(v(35))); % X2133B 
+kl*(-sbw72+sbhill) +k3*rtl2 +k4*fc12 +k5*bin(v(36))l; % X2133D 
+ki*(- sbfl36+ sbul76) -k3*rt10 +k4*fc13 +k5*bin(v(37))); % X2135A 
+kl*(-sbf137+sbu177)-k3*rtll +k4*fc13 +k5*bin(v(38))); % X2135B 
+k1*(-sbf139+sbu179)-k3*rt12 +k4*fc13 +kS*bin(v(39))); % X2135D 
+kl*(-sbm13+ sbw61) +k4*fc14 +k5*bin(v(40))); % X2151A 
v(4l)=-u*(117425 +kl*(- sbml4+ sbw62) 
v(42)=-u*(92980 +kl*(- sbm16+ sbw64) 
v(43)=-u*(126288 +kl*(-sbfl20+sbs164) 
v(44)=-u*(117013 +kl*(-sbf121+sbs165) 
+k4*fc14 +k5*bin(v(41))); % X2151B 
+k4*fc14 +k5*bin(v(42))); % X2151D 
+k2*acl +k4*fc15 +k5*bin(v(43))); % X2155A 
+k2*ac2 +k4*fc15 +k5*bin(v(44))); % X2155B 
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v(45)=-u*(91134 +kl*(-sbf123+sbs167) +k2*ac4 +k4*fclS +k5*bin(v(45))); % X2155D 
v(46)=-u'(170834 +kl*(- sbt37+ sbh108) +k4*fcl6 +k5*bin(v(46))); % X2232A 
v(47)=-u'(143098 +kl*(- sbt38+ sbh109) +k4*fc16 +kS*bin(v(47))); % X2232B 
v(48)=-u'(115967 +kl*(- sbt40+ sbhlll) +k4*fc16 +k5*bin(v(48))); % X2232D 
v(49)=-u'(118941 +k1*(-sbt53+sbh101) +k3*rtl3 +k4*fc17 +k5*bin(v(49))); % X2252A 
v(50)=-u'(112624 +kl*(-sbt54+sbh102) +k3*rt14 +k4*fcl7 +k5*bin(v(50))); % X2252B 
$ 
v(51)=-u*(85436 +k1*(-sbt56+sbh1031)+k3*rt15 +k4*fc17 +k5*bin(v(51))); % X2252D 
v(52)=-u*(115814 +kl*(-sbf140+sbu176)-k3*rt13 +k4*fc18 +k5*bin(v(52))); % X2255A 
v(53)=-u*(112596 +k1*(-sbf141+sbu177)-k3*rt14 +k4*fc18 +k5*bin(v(53))); % X2255B 
v(54)=-u*(84269 +kl*(-sbf143+sbu179)-k3*rt15 +k4*fc18 +k5*bin(v(54))); % X2255D 
v(55)=-u*(174508 +kl*(- sbm5+ sbt57) +k3*rtl6 +k4*fc19 +k5*bin(v(55))); % X2311A 
v(56)=-u*(137303 +ki*(- sbm6+ sbt58) +k3*rt18 +k4*fc19 +k5*bin(v(56))); % X2311B 
v(57)=-u*(121037 +kl*(- sbm8+ sbt6O) +k3*rt2O +k4*fc19 +k5*bin(v(57))); % X2311D 
v(58)=-u*(157474+k1*(-sbw8l+sbf112)+k3*(rt17-rt16)+k4*fc20+k5*bin(v(58))); % X2313A 
v(59)=-u*(135819+k1*(-sbw82+sbf113)+k3*(rt19-rtl8)+k4*fc20+k5*bin(v(59))); % X2313B 
v(60)=-u*(111824+kl*(-sbw84+sbf115)+k3*(rt21-rt20)+k4*fc20+k5*bin(v(60))); % X2313D 
v(61)=-u*(154266 
v(62)=-u*(134334 
v(63)=-u*(105933 
v(64)=-u*(147232 
v(65)=-u*(137906 
v(66)=-u*(106915 
v(67)=-u*(181295 
v(68)=-u*(132129 
v(69)=-u*(120312 
v(70)=-u*(197781 
v(71)=-u*(142535 
v(72)=-u*(127363 
v(73)=-u*(139031 
v(74)=-u*(142330 
v(75)=-u*(104726 
v(76)=-u*(185459 
v(77)=-u*(145407 
v(78)=-u*(127936 
v(79)=-u*(141659 
v(80)=-u*(142360 
sbs156+ sbml3) +k4*fc25 +k5*bin(v(73))); % X2516A 
sbsl57+ sbml4) +k4*fc25 +k5*bin(v(74))); % X2516B 
sbsl59+ sbm16) +k4*fc25 +k5*bin(v(75))); % X2516D 
sbm33+ sbw73) +k4*fc26 +k5*bin(v(76))); % X2571A 
sbm34+ sbw74) +k4*fc26 +k5*bin(v(77))); % X2571B 
sbm36+ sbw76) +k4*fc26 +k5*bin(v(78))); % X2571D 
sbt53+ sbh93) +k4*fc27 +k5*bin(v(79))); % X2572A 
sbt54+ sbh94) +k4*fc27 +k5*bin(v(80))); % X2572B 
+kl*(-sbs164+sbm21) -k3*rt17 +k4*fc21 +k5*bin(v(61))); % X2316A 
+k1*(-sbs165+sbm22) -k3*rt19 +k4*fc21 +k5*bin(v(62))); % X2316B 
+kl*(-sbs167+sbm24) -k3*rt21 +k4*fc2l +k5*bin(v(63))); % X2316D 
+kl*(- sbs164+ sbm2l) +k4*fc22 +k5*bin(v(64))); % X2356A 
+kl*(- sbs165+ sbm22) +k4*fc22 +k5*bin(v(65))); % X2356B 
+kl*(- sbsl67+ sbm24) +k4*fc22 +k5*bin(v(66))); % X2356D 
+kl*(- sbul96+ sbt37) +k4*fc23 +k5*bin(v(67))); % X2377A 
+kl*(- sbul97+ sbt38) +k4*fc23 +k5*bin(v(68))); % X2377B 
+kl*(- sbu199+ sbt40) +k4*fc23 +k5*bin(v(69))); % X2377D 
+kl*(-sbh108+sbs152) +k2*acl +k4*fc24 +k5*bin(v(70))); % X2434A 
+kl*(-sbh109+sbs153) +k2*ac2 +k4*fc24 +k5*bin(v(71))); % X2434B 
+kl*(-sbhlll+sbs155) +k2*ac4 +k4*fc24 +k5*bin(v(72))); % X2434D 
+kl*(- 
+kl*(- 
+kl*(- 
+kl*(- 
+kl*(- 
+kl*(- 
+kl*(- 
+kl*(- 
v(81)=-u*(105698 +kl*(- sbt56+ sbh96) +k4*fc27 +k5*bin(v(81))); % X2572D 
v(82)=-u*(177555 +kl*(- sbw85+ sbf120) +k4*fc28 +k5*bin(v(82))); % X2573A 
v(83)=-u*(148492 +kl*(- sbw86+ sbfl2l) +k4*fc28 +k5*bin(v(83))); % X2573B 
v(84)=-u*(128349 +kl*(- sbw88+ sbfl23) +k4*fc28 +k5*bin(v(84))); % X2573D 
v(85)=-u*(187919 +k1*(-sbh108+sbs160) +k2*acl +k4*fc29 +k5*bin(v(85))); % X2574A 
v(86)=-u*(144607 +kl*(-sbh109+sbs161) +k2*ac2 +k4*fc29 +k5*bin(v(86))); % X2574B 
v(87)=-u*(127541 +kl*(-sbhill+sbs163) +k2*ac4 +k4*fc29 +k5*bin(v(87))); % X2574D 
v(88)=-u*(146073 +kl*(- sbf140+ sbu180) +k4*fc30 +k5*bin(v(88))); % X2575A 
v(89)=-u*(142326 +kl*(- sbfl4l+ sbul8l) +k4*fc30 +k5*bin(v(89))); % X2575B 
v(90)=-u*(104692 +kl*(- sbf143+ sbu183) +k4*fc30 +k5*bin(v(90))); % X2575D 
$ 
v(91)=-u*(163514 +kl*(- sbsl64+ sbm9) +k4*fc31 +k5*bin(v(91))); % X2576A 
v(92)=-u*(142741 +kl*(- sbs165+ sbm10) +k4*fc31 +k5*bin(v(92))); % X2576B 
v(93)=-u*(113673 +kl*(- sbs167+ sbml2) +k4*fc31 +k5*bin(v(93))); % X2576D 
v(94)=-u*(174992 +kl*(- sbu192+ sbt37) +k4*fc32 +k5*bin(v(94))); % X2577A 
v(95)=-u*(142462 +kl*(- sbul93+ sbt38) +k4*fc32 +k5*bin(v(95))); % X2577B 
v(96)=-u*(115103 +kl*(- sbu195+ sbt40) +k4*fc32 +k5*bin(v(96))); % X2577D 
v(97)=-u*(169007 +kl*(-sbt37+sbh97) + k3*rt22 +k4*fc33 +k5*bin(v(97))); % 
v(98)=-u*(149277 +kl*(-sbt38+sbh98) + k3*rt23 +k4*fc33 +k5*bin(v(98))); % 
v(99)=-u*(120717 +kl*(-sbt40+sbh100)+ k3*rt24 +k4*fc33 +k5*bin(v(99))); % 
v(100)=-u*(179966 +k1*(-sbs152+sbm5)-k3*rt22 +k4*fc34 +k5*bin(v(100))); % 
$ 
X2812A 
X2812B 
X2812D 
X2816A 
v(101)=-u*(157034 +kl*(-sbs153+sbm6)-k3*rt23 +k4*fc34 +k5*bin(v(101))); 8 X2816B 
v(102)=-u*(123647 +kl*(-sbs155+sbm8)-k3*rt24 +k4*fc34 +k5*bin(v(102))); ý X2816D 
v(103)=-u*(57360 +kl*(-sbw65+sbw81)+k3*rt25 +k4*fc35 +k5*bin(v(103))); 8 X3113A 
v(104)=-u*(37243 +kl*(-sbw66+sbw82)+k3*rt26 +k4*fc35 +k5*bin(v(104))); $ X3113B 
v(105)=-u*(75072 +kl*(-sbw67+sbw83)+k3*rt27 +k4*fc35 +k5*bin(v(105))); $ X3113C 
v(106)=-u*(36805 +kl*(-sbw68+sbw84)+k3*rt28 +k4*fc35 +k5*bin(v(106))); $ X3113D 
v(107)=-u*(46855 +kl*(-sbu176+sbml)-k3*rt25 +k4*fc36 +k5*bin(v(107))); 8 X3117A 
v(108)=-u*(37314 +k1*(-sbu177+sbm2)-k3*rt26 +k4*fc36 +k5*bin(v(108))); $ X3117B 
v(109)=-u*(63056 +kl*(-sbu178+sbm3)-k3*rt27 +k4*fc36 +k5*bin(v(109))); 8 X3117C 
v(110)=-u*(30717 +kl*(-sbu179+sbm4)-k3*rt28 +k4*fc36 +k5*bin(v(110))); $ X3117D 
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v(111)=-u*(48206 +kl*(- sbm17+ sbt49) +k4*fc37 +k5*bin(v(111))); % X3171A 
v(112)=-u*(50228 +kl*(- sbml8+ sbt50) +k4*fc37 +k5*bin(v(112))); % X3171B 
v(113)=-u*(39929 +kl*(- sbml9+ sbt5l) +k4*fc37 +k5*bin(v(113))); % X3171C 
v(114)=-u*(35477 +kl*(- sbm20+ sbt52) +k4*fc37 +k5*bin(v(114))); % X3171D 
v(115)=-u*(35845 +kl*(-sbt49+sbw73) +k3*rt29 +k4*fc38 +k5*bin(v(115))); % X3212A 
v(116)=-u*(39700 +kl*(-sbt50+sbw74) +k3*rt32 +k4*fc38 +k5*bin(v(116))); % X3212B 
v(117)=-u*(29478 +kl*(-sbt5l+sbw75) +k3*rt35 +k4*fc38 +k5*bin(v(117))); % X3212C 
v(118)=-u*(28501 +kl*(-sbt52+sbw76) +k3*rt38 +k4*fc38 +k5*bin(v(118))); % X3212D 
v(119)=-u*(35945+kl*(-sbw77+sbh101)+k3*(rt30-rt29)+k4*fc39+k5*bin (v(119))); %X3213A 
v(120)=-u*(39701+kl*(-sbw78+sbh102)+k3*(rt33-rt32)+k4*fc39+k5*bin(v(120))); $X32138 
$ 
v(121)=-u*(30029+kl*(-sbw79+sbh103)+k3*(rt36-rt35)+k4*fc39+k5*bin(v(121))); $ X3213C 
v(122)=-u*(28523+k1*(-sbw80+sbh1031)+k3*(rt39-rt38)+k4*fc39+k5*bin(v(122))); $X3213D 
v(123)=-u*(35758+kl*(-sbf132+sbs148)+k3*(rt31-rt30)+k4*fc40+k5*bin(v(123))); $X3215A 
v(124)=-u*(39700+kl*(-sbf133+sbs149)+k3*(rt34-rt33)+k4*fc40+k5*bin(v(124))); $X3215B 
v(125)=-u*(27247+kl*(-sbf134+sbs150)+k3*(rt37-rt36)+k4*fc40+k5*bin(v(125))); $X3215C 
v(126)=-u*(28490+kl*(-sbf135+sbs151)+k3*(rt40-rt39)+k4*fc40+k5*bin(v(126))); $X3215D 
v(127)=-u*(35781 +kl*(-sbu188+sbm17)-k3*rt31 +k4*fc41 +k5*bin(v(127))); % X3217A 
v(128)=-u*(39700 +kl*(-sbu189+sbm18)-k3*rt34 +k4*fc41 +k5*bin(v(128))); % X3217B 
v(129)=-u*(29616 +kl*(-sbu190+sbm19)-k3*rt37 +k4*fc41 +k5*bin(v(129))); % X3217C 
v(130)=-u*(28490 +kl*(-sbu191+sbm20)-k3*rt40 +k4*fc41 +k5*bin(v(130))); % X3217D 
$ 
v(131)=-u*(49890 +kl*(- sbsl64+ sbul84) +k4*fc42 +k5*bin(v(131))); % X3336A 
v(132)=-u*(52535 +kl*(- sbs165+ sbu185) +k4*fc42 +k5*bin(v(132))); % X3336B 
v(133)=-u*(32999 +kl*(- sbsl66+ sbul86) +k4*fc42 +k5*bin(v(133))); % X3336C 
v(134)=-u*(37572 +kl*(- sbs167+ sbul87) +k4*fc42 +k5*bin(v(134))); % X3336D 
v(135)=-u*(60611 +kl*(- sbhlO8+ sbf128) +k4*fc43 +k5*bin(v(135))); % X3354A 
v(136)=-u*(61180 +kl*(- sbh109+ sbf129) +k4*fc43 +k5*bin(v(136))); % X3354B 
v(137)=-u*(57678 +kl*(- sbhllO+ sbf130) +k4*fc43 +k5*bin(v(137))); % X3354C 
v(138)=-u*(44496 +kl*(- sbhlll+ sbfl3l) +k4*fc43 +k5*bin(v(138))); % X3354D 
v(139)=-u*(75187 +kl*(- sbt45+ sbw73) +k4*fc44 +k5*bin(v(139))); % X3532A 
v(140)=-u*(65784 +kl*(- sbt46+ sbw74) +k4*fc44 +k5*bin(v(140))); % X3532B 
$ 
v(141)=-u*(97912 +kl*(- sbt47+ sbw75) +k4*fc44 +k5*bin(v(141))); % X3532C 
v(142)=-u*(52220 +kl*(- sbt48+ sbw76) +k4*fc44 +kS*bin(v(142))); % X3532D 
v(143)=-u*(59238 +kl*(- sbw73+ sbh101) +k4*fc45 +k5*bin(v(143))); % X3553A 
v(144)=-u*(62507 +kl*(- sbw74+ sbh102) +k4*fc45 +k5*bin(v(144))); % X3553B 
v(145)=-u*(43018 +ki*(- sbw75+ sbh103) +k4*fc45 +k5*bin(v(145))); % X3553C 
v(146)=-u*(45093 +kl*(- sbw76+sbhlO3l) +k4*fc45 +k5*bin(v(146))); % X3553D 
v(147)=-u*(61206 +kl*(-sbh108+sbf136)+k2*acl +k4*fc46 +k5*bin(v(147))); % X3554A 
v(148)=-u*(62507 +kl*(-sbh109+sbf137)+k2*ac2 +k4*fc46 +k5*bin(v(148))); % X3554B 
v(149)=-u*(76575 +kl*(-sbhll0+sbf138)+k2*ac3 +k4*fc46 +k5*bin(v(149))); % X3554C 
v(150)=-u*(45308 +kl*(-sbhlll+sbf139)+k2*ac4 +k4*fc46 +k5*bin(v(150))); % X3554D 
$ 
v(151)=-u*(59304 +kl*(- sbf132+ sbs160) +k4*fc47 +k5*bin(v(151))); % X3555A 
v(152)=-u*(62507 +kl*(- sbfl33+ sbs161) +k4*fc47 +k5*bin(v(152))); % X3555B 
v(153)=-u*(46658 +kl*(- sbf134+ sbsl62) +k4*fc47 +k5*bin(v(153))); % X3555C 
v(154)=-u*(45098 +kl*(- sbf135+ sbsl63) +k4*fc47 +k5*bin(v(154))); % X3555D 
v(155)=-u*(75943 +kl*(- sbul88+ sbm25) +k4*fc48 +kS*bin(v(155))); % X3557A 
v(156)=-u*(62560 +kl*(- sbul89+ sbm26) +k4*fc48 +k5*bin(v(156))); % X3557B 
v(157)=-u*(115388+k1*(- sbu190+ sbm27) +k4*fc48 +k5*bin(v(157))); % X3557C 
v(158)=-u*(49653 +kl*(- sbul9l+ sbm28) +k4*fc48 +k5*bin(v(158))); % X3557D 
v(159)=-u*(67402 +kl*(- sbm2l+ sbt4l) +k4*fc49 +k5*bin(v(159))); % X3671A 
v(160)=-u*(68580 +kl*(- sbm22+ sbt42) +k4*fc49 +k5*bin(v(160))); % X3671B 
$ 
v(161)=-u*(83072 +kl*(- sbm23+ sbt43) +k4*fc49 +k5*bin(v(161))); % X3671C 
v(162)=-u*(48897 +kl*(- sbm24+ sbt44) +k4*fc49 +k5*bin(v(162))); % X3671D 
v(163)=-u*(67396 +kl*(- sbt49+ sbh89) +k4*fc50 +k5*bin(v(163))); % X3672A 
v(164)=-u*(68582 +kl*(- sbt50+ sbh90) +k4*fc50 +k5*bin(v(164))); % X3672B 
v(165)=-u*(73403 +kl*(- sbt5l+ sbh9l) +k4*fc50 +k5*bin(v(165))); % X3672C 
v(166)=-u*(49047 +kl*(- sbt52+ sbh92) +k4*fc50 +k5*bin(v(166))); % X3672D 
v(167)=-u*(67796 +kl*(- sbh104+ sbfl28) +k4*fc51 +k5*bin(v(167))); % X3674A 
v(168)=-u*(68582 +kl*(- sbhlO5+ sbfl29) +k4*fc51 +k5*bin(v(168))); % X3674B 
v(169)=-u*(78176 +kl*(- sbhl06+ sbf130) +k4*fc51 +k5*bin(v(169))); % X3674C 
v(170)=-u*(49088 +kl*(- sbh107+ sbfl3l) +k4*fc51 +k5*bin(v(170))l; % X3674D 
$ 
v(171)=-u*(65888 +kl*(- sbfl32+ sbsl60) +k4*fc52 +k5*bin(v(171))); % X3675A 
v(172)=-u*(68580 +kl*(- sbfl33+ sbsl6l) +k4*fc52 +kS*bin(v(172))); % X3675B 
v(173)=-u*(87087 +kl*(- sbf134+ sbsl62) +k4*fc52 +k5*bin(v(173))l; % X3675C 
v. (174)=-u*(48838 +kl*(- sbf135+ sbsl63) +k4*fc52 +k5*bin(v(174))l; % X3675D 
v(175)=-u*(68502 +kl*(- sbul8O+ sbml7) +k4*fc53 +k5*bin(v(175))); % X3677A 
v(176)=-u*(68588 +kl*(- sbul8l+ sbml8) +k4*fc53 +k5*bin(v(176))); % X3677B 
v(177)=-u*(78500 +kl*(- sbu182+ sbml9) +k4*fc53 +k5*bin(v(177))); % X3677C 
174 
Appendices 
v(178)=-u*(49336 +kl*(- sbul83+ sbm20) +k4*fc53 +k5*bin(v(178))); % X3677D 
v(179)=-u*(68407 +kl*(-sbm29+sbt41) +k3*rt41 +k4*fc54 +k5*bin(v(179))); % X3731A 
v(180)=-u*(68596 +kl*(-sbm30+sbt42) +k3*rt42 +k4*fc54 +k5*bin(v(180))); % X3731B 
$ 
v(181)=-u*(50530 +kl*(-sbm32+sbt44) +k3*rt43 +k4*fc54 +k5'bin(v(181))); % X3731D 
v(182)=-u*(71000 +kl*(-sbh108+sbfl28)-k3*rt4l+k4*fc55 +k5*bin(v(182))); % X3734A 
v(183)=-u*(68792 +kl*(-sbhl09+sbf129)-k3*rt42+k4*fc55 +k5'bin(v(183))); % X37348 
v(184)=-u*(51874 +kl*(-sbhlll+sbfl3l)-k3*rt43+k4*fcSS +k5*bin(v(184))); % X3734D 
v(185)=-u*(51131 +kl*(- sbsl64+ sbu188) +k4*fc56 +k5*bin(v(185))); $ X3836A 
v(186)=-u*(53380 +kl*(- sbsl65+ sbul89) +k4*fc56 +k5*bin(v(186))); % X3836B 
v(187)=-u*(43273 +kl*(- sbsl66+ sbul90) +k4*fc56 +k5*bin(v(187))); % X3836C 
v(188)=-u*(38932 +kl*(- sbsl67+ sbul9l) +k4*fc56 +k5*bin(v(188))); % X3836D 
v(189)=-u*(100873 +kl*(-sbml7+sbt53)+k3*rt44 +k4*fc57 +k5*bin(v(189))); % X3851A 
v(190)=-u*(86366 +kl*(-sbml8+sbt54)+k3*rt45 +k4*fc57 +k5*bin(v(190))); % X3851B 
$ 
v(191)=-u*(67584 +kl*(-sbm20+sbt56) +k3*rt46 +k4*fc57 +k5*bin(v(191))); % X3851D 
v(192)=-u*(117188+k1*(-sbs156+sbul92)-k3*rt44+k4*fc58 +k5*bin(v(192))); % X3856A 
v(193)=-u*(87389 +kl*(-sbs157+sbu193)-k3*rt45+k4*fc58 +kS*bin(v(193))); % X3856B 
v(194)=-u*(77234 +k1*(-sbs159+sbu195)-k3*rt46+k4*fc58 +k5*bin(v(194))); % X3856D 
v(195)=-u*(59626 +kl*(- sbt49+ sbw73) +k4*fc59 +k5*bin(v(195))); % X3872A 
v(196)=-u*(58266 +kl*(- sbtSO+ sbw74) +k4*fc59 +k5*bin(v(196))); % X3872B 
v(197)=-u*(61827 +kl'(- sbt51+ sbw75) +k4*fc59 +k5*bin(v(197))); % X3872C 
v(198)=-u*(43030 +kl*(- sbt52+ sbw76) +k4*fc59 +k5*bin(v(198))); % X3872D 
v(199)=-u*(136012 +kl*(-sbh93+sbs148)+k2*acl +k4*fc60 +k5*bin(v(199))); % X5014A 
v(200)=-u*(135743 +kl*(-sbh94+sbs149)+k2*ac2 +k4*fc60 +k5*bin(v(200))); % X5014B 
$ 
v(201)=-u*(101788 +kl*(-sbh96+ sbs151)+k2*ac4+k4*fc60 +k5*bin(v(201))); % X5014D 
v(202)=-u*(131729 +kl*(-sbw81+ sbf128)+k3*rt47+k4*fc61+k5*bin(v(202))); % X5053A 
v(203)=-u*(135035 +kl*(-sbw82+sbf129) +k3*rt49+k4*fc61+k5*bin(v(203))); % X5053B 
v(204)=-u*(99995 +kl*(-sbw84+sbf131) +k3*rt5l+k4*fc61 +k5*bin(v(204))); % X5053D 
v(205)=-u*(136545 +kl*(-sbf140+sbu192) +k3*(rt48-rt47) +k4*fc62 +k5*bin(v(205))); % 
X5056A 
v(206)=-u*(135037 +kl*(-sbf141+sbu193) +k3*(rt50-rt49) +k4*fc62 +k5*bin(v(206))); % 
X5056B 
v(207)=-u*(100885 +kl*(-sbf143+sbu195) +k3*(rt52-rt51) +k4*fc62 +k5*bin(v(207))); % 
X5056D 
v(208)=-u*(131903 +kl*(-sbu196+sbt37)-k3*rt48+k4*fc63 +k5*bin(v(208))); % X5057A 
v(209)=-u*(135022 +kl*(-sbu197+sbt38)-k3*rtS0+k4*fc63 +k5*bin(v(209))); % X5057B 
v(210)=-u*(99739 +kl*(-sbu199+sbt40)-k3*rt52+k4*fc63 +k5*bin(v(210))); % X5057D 
$ 
v(211)=-u*(139261 +kl*(- sbml+ sbw65) +k4*fc64 +k5*bin(v(211))); % X5071A 
v(212)=-u*(142492 +kl*(- sbm2+ sbw66) +k4*fc64 +k5*bin(v(212))); % X5071B 
v(213)=-u*(107117 +k1*(- sbm4+ sbw68) +k4*fc64 +k5*bin(v(213))); % X5071D 
v(214)=-u*(158718 +kl*(-sbm29+sbw69)+k3*rt53 +k4*fc65 +k5*bin(v(214))); % X5111A 
v(215)=-u*(145491 +kl*(-sbm30+sbw70)+k3*rtS4 +k4*fc65 +k5*bin(v(215))); % X5111B 
v(216)=-u*(114446 +kl*(-sbm32+sbw72)+k3*rt55 +k4*fc65 +k5*bin(v(216))); % X5111D 
v(217)=-u*(148950 +kl*(-sbw8l+sbf116)-k3*rt53+k4*fc66 +k5*bin(v(217))); % X5113A 
v(218)=-u*(144734 +kl*(-sbw82+sbf117)-k3*rt54+k4*fc66 +k5*bin(v(218))); % X5113B 
v(219)=-u*(108712 +kl*(-sbw84+sbfll9)-k3*rt55+k4*fc66 +k5*bin(v(219))); % X5113D 
v(220)=-u*(144325 +kl*(- sbul92+ sbt37) +k4*fc67 +k5*bin(v(220))); % X5137A 
$ 
v(221)=-u*(145422 +kl*(- sbul93+ sbt38) +k4*fc67 +k5*bin(v(221))); % X5137B 
v(222)=-u*(107331 +kl*(- sbul9S+ sbt40) +k4*fc67 +k5*bin(v(222))); % X5137D 
v(223)=-u*(124908 +kl*(- sbsl68+ sbm9) +k4*fc68 +k5*bin(v(223))); % X5156A 
v(224)=-u*(128790 +kl*(- sbs169+ sbm10) +k4*fc68 +k5*bin(v(224))); % X5156B 
v(225)=-u*(95416 +kl*(- sbsl7l+ sbm12) +k4*fc68 +k5*bin(v(225))); % X5156D 
v(226)=-u*(129795 +kl*(-sbh108+sbs148)+k2*acl+k4*fc69 +k5*bin(v(226))); % X5174A 
v(227)=-u*(136481 +kl*(-sbh109+sbs149)+k2*ac2+k4*fc69 +k5*bin(v(227))); % X5174B 
v(228)=-u*(100210 +kl*(-sbhlll+sbs151)+k2*ac4+k4*fc69 +k5*bin(v(228))); % X5174D 
v(229)=-u*(35052 +kl*(- sbu184+ sbul92) +k4*fc70 +k5*bin(v(229))); % X5517A 
v(230)=-u*(28544 +kl*(- sbul85+ sbul93) +k4*fc70 +k5*bin(v(230))); % X5517B 
$ 
v(231)=-u*(43518 +kl*(- sbul86+ sbul94) +k4*fc70 +k5*bin(v(231))); % X5517C 
v(232)=-u*(21235 +kl*(- sbu187+ sbul95) +k4*fc70 +k5*bin(v(232))); % X5517D 
v(233)=-u*(28609 +kl*(-sbw69+sbw85) +k3*rt56 +k4*fc71 +k5*bin(v(233))); % X5533A 
v(234)=-u*(23286 +kl*(-sbw70+sbw86) +k3*rt57 +k4*fc7l +k5*bin(v(234))); % X5533B 
v(235)=-u*(32932 +kl*(-sbw7l+sbw87) +k3*rt58 +k4*fc7l +k5*bin(v(235))); % X5533C 
v(236)=-u*(17779 +kl*(-sbw72+sbw88) +k3*rt59 +k4*fc71 +k5*bin(v(236))); % X5533D 
v(237)=-u*(26845 +kl*(-sbs148+sbs164)-k3*rt56+k4*fc72 +k5*bin(v(237))); % X5536A 
v{238)=-u*(23386 +kl*(-sbsl49+sbs165)-k3*rt57+k4*fc72 +k5*bin(v(238))); % X5536B 
v(239)=-u*(29026 +kl*(-sbsl50+sbsl66)-k3*rt58+k4*fc72 +k5*bin(v(239))); % X5536C 
v(240)=-u*(17157 +kl*(-sbsl5l+sbsl67)-k3*rt59+k4*fc72 +k5*bin(v(240))); % X5536D 
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v(241)=-u*(103451 +kl*(- sbw6l+ sbh93) +k4*fc73 +k5*bin(v(241))); % X5813A 
v(242)=-u*(103439 +kl*(- sbw62+ sbh94) +k4*fc73 +k5*bin(v(242))); % X5813B 
v(243)=-u*(75294 +kl*(- sbw64+ sbh96) +k4*fc73 +k5*bin(v(243))); % X5813D 
v(244)=-u*(34845 +kl*(-sbh89+sbh108)+k3*rt60+k4*fc74 +k5*bin(v(244))); % X6014A 
v(245)=-u*(36460 +kl*(-sbh90+sbh109)+k3*rt61+k4*fc74 +k5*bin(v(245))); % X60148 
v(246)=-u*(26603 +kl*(-sbh9l+sbh110)+k3*rt62+k4*fc74 +k5*bin(v(246))); % X6014C 
v(247)=-u*(26155 +kl*(-sbh92+sbhlll)+k3*rt63+k4*fc74 +k5*bin(v(247))); % X6014D 
v(248)=-u*(35385 +kl*(-sbs144+sbs160)-k3*rt60+k4*fc75 +k5*bin(v(248))); % X6016A 
v(249)=-u*(36462 +kl*(-sbsl45+sbsl6l)-k3*rt61+k4*fc75 +k5*bin(v(249))); % X6016B 
v(250)=-u*(31668 +kl*(-sbs146+sbs162)-k3*rt62+k4*fc75 +k5*bin(v(250))); % X6016C 
v(251)=-u*(26268 +kl*(-sbs147+sbs163)-k3*rt63+k4*fc75 +k5*bin(v(251))); % X6016D 
v(252)=-u*(36029 +kl*(-sbm33+sbw65) +k3*rt64 +k4*fc76 +k5*bin(v(252))); % X6432A 
v(253)=-u*(36465 +kl*(-sbm34+sbw66) +k3*rt66 +k4*fc76 +k5*bin(v(253))); % X6432B 
v(254)=-u*(41956 +kl*(-sbm35+sbw67) +k3*rt68 +k4*fc76 +k5*bin(v(254))); % X6432C 
v(255)=-u*(26405 +kl*(-sbm36+sbw68) +k3*rt7O +k4*fc76 +k5*bin(v(255))); % X6432D 
v(256)=-u*(35726 +kl*(-sbfll2+sbs144)+k2*acl +k3*(rt65-rt64) +k4*fc77 +k5*bin(v(256))); 
% X6435A 
v(257)=-u*(36462 +kl*(-sbf113+sbs145) +k2*ac2 +k3*(rt67-rt66) +k4*fc77 +k5*bin(v(257))); 
% X6435B 
v(258)=-u*(40509 +kl*(-sbfll4+sbs146) +k2*ac3 +k3*(rt69-rt68) +k4*fc77 +k5*bin(v(258))); 
% X6435C 
v(259)=-u*(26319 +kl*(-sbfll5+sbs147) +k2*ac4 +k3*(rt7l-rt70) +k4*fc77 +k5*bin(v(259))); 
$ X6435D 
v(260)=-u*(36311 +kl*(-sbu172+sbm9) -k3*rt65 +k4*fc78 +k5*bin(v(260))); % X6437A 
v(261)=-u*(37840 +kl*(-sbu173+sbm10)-k3*rt67 +k4*fc78 +k5*bin(v(261))); % X6437B 
v(262)=-u*(37924 +kl*(-sbu174+sbmll)-k3*rt69 +k4*fc78 +k5*bin(v(262))); % X6437C 
v(263)=-u*(27002 +kl*(-sbu175+sbm12)-k3*rt71 +k4*fc78 +k5*bin(v(263))); % X6437D 
v(264)=-u*(22791 +kl*(-sbm9+ sbm33) +k3*rt72 +k4*fc79 +k5*bin(v(264))); % X7251A 
v(265)=-u*(23107 +kl*(-sbm10+ sbm34)+k3*rt73 +k4*fc79 +k5*bin(v(265))); % X7251B 
v(266)=-u*(17214 +kl*(-sbmll+ sbm35) +k3*rt74 +k4*fc79 +k5*bin(v(266))); $ X7251C 
v(267)=-u*(15185 +kl*(-sbml2+ sbm36) +k3*rt75+k4*fc79 +k5*bin(v(267))); $ X7251D 
v(268)=-u*(22763 +kl*(-sbf116+sbf124)-k3*rt72+k4*fc80 +k5*bin(v(268))); $ X7255A 
v(269)=-u*(23107 +kl*(-sbf117+sbf125)-k3*rt73+k4*fc80 +k5*bin(v(269))); 8 X7255B 
v(270)=-u*(16412 +kl*(-sbfil8+sbf126)-k3*rt74+k4*fc80 +k5*bin(v(270))); $ X7255C 
v(271)=-u*(15182 +kl*(-sbfil9+sbf127)-k3*rt75+k4*fc80 +k5*bin(v(271))); % X7255D 
v(272)=-u*(134711 +kl*(- sbul84+ sbm2l) +k4*fc81 +k5*bin(v(272))); % X9077A 
v(273)=-u*(142477 +kl*(- sbul85+ sbm22) +k4*fc81 +k5*bin(v(273))); % X9077B 
v(274)=-u*(106173 +kl*(- sbu187+ sbm24) +k4*fc81 +k5*bin(v(274))); % X9077D 
v(275)=-u*(83640 +kl*(- sbw65+ sbh89) +k4*fc82 +k5*bin(v(275))); % X9233A 
v(276)=-u*(88155 +kl*(- sbw66+ sbh90) +k4*fc82 +k5*bin(v(276))); % X9233B 
v(277)=-u*(66359 +kl*(- sbw68+ sbh92) +k4*fc82 +k5*bin(v(277))); % X9233D 
v(278)=-u*(31947 +kl*(- sbh97+ sbfll2) +k4*fc83 +k5*bin(v(278))); % X85514A 
v(279)=-u*(28707 +kl*(- sbh98+ sbfll3) +k4*fc83 +k5*bin(v(279))); % X85514B 
v(280)=-u*(35282 +kl*(- sbh99+ sbfll4) +k4*fc83 +k5*bin(v(280))); % X85514C 
v(281)=-u*(20884 +kl*(- sbhlOO+ sbf115) +k4*fc83 +k5*bin(v(281))); % X85514D 
v(282)=-u*(25954 +kl*(- sbh93+ sbh108) +k4*fc84 +k5*bin(v(282))); % X85534A 
v(283)=-u*(23319 +kl*(- sbh94+ sbh109) +k4*fc84 +k5*bin(v(283))); % X85534B 
v(284)=-u*(27062 +kl*(- sbh95+ sbhllO) +k4*fc84 +k5*bin(v(284))); % X85534C 
v(285)=-u*(16687 +kl*(- sbh96+ sbhlll) +k4*fc84 +k5*bin(v(285))); % X85534D 
$ 
for i=0: 49; 
int(1+4*i)= min(0,2-v(286+9*i) -2*v(287+9*i)); 
int(2+4*i)= min(O, 7-v(288+9*i) -2*v(289+9*i) -4*v(290+9*i)); 
int(3+4*i)= min(O, 2-v(291+9*i) -2*v(292+9*i)); 
int(4+4*i)= min(0,3-v(293+9*i) -2*v(294+9*i)); 
end 
v(286)=-u*( kl*(- sbml+ sbm5) +k5*bin(v(286)) - k6*int(1)); % Y1_2A 
v(287)=-u*l kl*(- 2*sbml+ 2*sbm5) +k5*bin(v(287)) -2*k6*int(1)); % Y1_2A 
v(288)=-u*( kl*(- sbm2+ sbm6) +k5*bin(v(288)) - k6*int(2)); % Y1 2B 
v(289)=-u*( kl*(- 2*sbm2+ 2*sbm6) +k5*bin(v(289)) -2*k6*int(2)); % Y1_28 
v(290)=-u*( kl*(- 4*sbm2+ 
4*sbm6) +k5*bin(v(290)) -4*k6*int(2)); % Y1_28 
v(291)=-u*( kl*(- sbm3+ sbm7) +k5*bin(v(291)) - k6*int(3)); % Y1 2C 
v(292)=-u*( kl*(- 2*sbm3+ 
2*sbm7) +k5*bin(v(292)) -2*k6*int(3)); % Y1 2C 
v(293)=-u*( kl*(- sbm4+ sbm8) +k5*bin(v(293)) - k6*int(4)); % Y1_2D 
v(294)=-u*( kl*(- 2*sbm4+ 
2*sbm8) +k5*bin(v(294)) -2*k6*int(4)); % Y1_2D 
v(295)=-u*( kl*(- sbm5+ sbm9) +k5*bin(v(295)) - k6*int(5)); % Y2 3A 
v(296)=-u*( kl*(- 
2*sbm5+ 2*sbm9) +k5*bin(v(296)) -2*k6*int(5)); % Y2_3A 
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v(297)=-u*( kl*(- 
v(298)=-u*( kl*(- 
v(299)=-u*( kl*(- 
v(300)=-u*( kl*(- 
v(301)=-u*( kl*(- 
v(302)=-u*( kl*(- 
v(303)=-u*( kl*(- 
v(304)=-u*( kl*(- 
v(305)=-u*( kl*(- 
v(306)=-u*( kl*(- 
v(307)=-u*( kl*(- 
v(308)=-u*( kl*(- 
v(309)=-u*( kl*(- 
v(310)=-u*( kl*(- 
v(311)=-u*( kl*(- 
v(312)=-u*( kl*(- 
v(313)=-u*( kl*(- 
v(314)=-u*( kl*(- 
v(315)=-u*( kl*(- 
v(316)=-u*( kl*(- 
v(317)=-u*( kl*(- 
v(318)=-u*( kl*(- 
v(319)=-u*( kl*(- 
v(320)=-u*( kl*(- 
v(321)=-u*( kl*(- 
v(322)=-u*( kl*(- 
v(323)=-u*( kl*(- 
v(324)=-u*( kl*(- 
v(325)=-u*( kl*(- 
v(326)=-u*( kl*(- 
v(327)=-u*( kl*(- 
v(328)=-u*( kl*(- 
v(329)=-u*( kl*(- 
v(330)=-u*( kl*(- 
v(331)=-u*( kl*(- 
v(332)=-u*( kl*(- 
v(333)=-u*( kl*(- 
v(334)=-u*( kl*(- 
v(335)=-u*( kl*(- 
v(336)=-u*( kl*(- 
v(337)=-u*( kl*(- 
v(338)=-u*( kl*(- 
v(339)=-u*( kl*(- 
v(340)=-u*( ki*(- 
v(341)=-u*( kl*(- 
v(342)=-u*( kl*(- 
v(343)=-u*( kl*(- 
v(344)=-u*( kl*(- 
v(345)=-u*( kl*(- 
v(346)=-u*( kl*(- 
v(347)=-u*( kl*(- 
V(348)=-u*( kl*(- 
v(349)=-u*( kl*(- 
v(350)=-u*( kl*(- 
v(351)=-u*( kl'(- 
V(352)=-u*( kl*(- 
v(353)=-u*( kl*(- 
v(354)=-u*( kl*(- 
v(355)=-u*( kl*(- 
v(356)=-u*( kl*(- 
v(357)=-u*l kl*(- 
sbm6+ sbm10) 
2*sbm6+ 2*sbml0) 
4*sbm6+ 4*sbm10) 
sbm7+ sbmll) 
2*sbm7+ 2*sbmll) 
sbm8+ sbm12) 
2*sbm8+ 2*sbml2) 
sbm9+ sbm13) 
2*sbm9+ 2*sbml3) 
sbm10+ sbml4) 
2*sbml0+ 2*sbm14) 
4*sbml0+ 4*sbml4) 
sbmll+ sbml5) 
2*sbmil+ 2*sbm15) 
sbml2+ sbml6) 
2*sbm12+ 2*sbml6) 
sbml3+ sbm17) 
2*sbm13+ 2*sbml7) 
sbm14+ sbml8) 
2*sbm14+ 2*sbm18) 
4*sbm14+ 4*sbml8) 
sbml5+ sbml9) 
2*sbml5+ 2*sbm19) 
sbml6+ sbm2O) 
2*sbml6+ 2*sbm20) 
sbm17+ sbm21) 
2*sbm17+ 2*sbm2l) 
sbm18+ sbm22) 
2*sbm18+ 2*sbm22) 
4*sbm18+ 4*sbm22) 
sbm19+ sbm23) 
2*sbm19+ 2*sbm23) 
sbm20+ sbm24) 
2*sbm2O+ 2*sbm24) 
sbm21+ sbm25) 
2*sbm2l+ 2*sbm25) 
sbm22+ sbm26) 
2*sbm22+ 2*sbm26) 
4*sbm22+ 4*sbm26) 
sbm23+ sbm27) 
2*sbm23+ 2*sbm27) 
sbm24+ sbm28) 
2*sbm24+ 2*sbm28) 
sbm25+ sbm29) 
2*sbm25+ 2*sbm29) 
sbm26+ sbm30) 
2*sbm26+ 2*sbm30) 
4*sbm26+ 4*sbm30) 
sbm27+ sbm3l) 
2*sbm27+ 2*sbm31) 
sbm28+ sbm32) 
2*sbm28+ 2*sbm32) 
sbm29+ sbm33) 
2*sbm29+ 2*sbm33) 
sbm30+ sbm34) 
2*sbm3O+ 2*sbm34) 
4*sbm30+ 4*sbm34) 
sbm3l+ sbm35) 
2*sbm3l+ 2*sbm35) 
sbm32+ sbm36) 
2*sbm32+ 2*sbm36) 
+k5*bin(v(297)) 
+k5*bin(v(298)) 
+k5*bin(v(299)) 
+k5*bin(v(300)) 
+k5*bin(v(301)) 
+k5*bin(v(302)) 
+k5*bin(V(303)) 
+k5*bin(v(304)) 
+k5*bin(v(305)) 
+k5*bin(v(306)) 
+k5*bin(v(307)) 
+k5*bin(v(308)) 
+k5*bin(v(309)) 
+k5*bin(v(310)) 
+k5*bin(v(311)) 
+k5*bin(v(312)) 
+k5*bin(v(313)) 
+k5*bin(v(314)) 
+k5*bin(v(315)) 
+k5*bin(v(316)) 
+k5*bin(v(317)) 
+k5*bin(v(318)) 
+k5*bin(v(319)) 
+k5*bin(v(320)) 
+k5*bin(v(321)) 
+k5*bin(v(322)) 
+k5*bin(v(323)) 
+kS*bin(v(324)) 
+k5*bin(v(325)) 
+k5*bin(v(326)) 
+kS*bin(v(327)) 
+k5*bin(v(328)) 
+k5*bin(v(329)) 
+k5*bin(v(330)) 
+k5*bin(v(331)) 
+k5*bin(V(332)) 
+k5*bin(v(333)) 
+k5*bin(v(334)) 
+k5*bin(v(335)) 
+k5*bin(v(336)) 
+k5*bin(v(337)) 
+k5*bin(v(338)) 
+k5*bin(v(339)) 
- k6*int(6)); % Y2_3B 
-2*k6*int(6)); % Y2_3B 
-4*k6*int(6)); % Y2-3B 
- k6*int(7)); % Y2_3C 
-2*k6*int(7)); % Y2_3C 
- k6*int(8)); % Y2_3D 
-2*k6*int(8)); % Y2_3D 
- k6*int(9)); % Y3_4A 
-2*k6*int(9)); % Y3_4A 
- k6*int(10)); % Y3 4B 
-2*k6*int(10)); % Y3_4B 
-4*k6*int(10)); % Y3_4B 
- k6*int(11)); % Y3 4C 
-2*k6*int(11)); % Y3_4C 
- k6*int(12)); % Y3_4D 
-2*k6*int(12)); % Y3_4D 
- k6*int(13)); % Y4-5A 
-2*k6*int(13)); % Y4_5A 
- k6*int(14)); % Y4_5B 
-2*k6*int(14)); % Y4 5B 
-4*k6*int(14)); % Y4-5B 
- k6*int(15)); % Y4 5C 
-2*k6*int(15)); % Y4_5C 
- k6*int(16)); % Y4_5D 
-2*k6*int(16)); % Y4_5D 
- k6*int(17)); % Y5_6A 
-2*k6*int(17)); % Y5_6A 
- k6*int(18)); % Y5_6B 
-2*k6*int(18)); % Y5-6B 
-4*k6*int(18)); $ Y5_6B 
- k6*int(19)); % Y5_6C 
-2*k6*int(19)); % Y5_6C 
- k6*int(20)); % Y5_6D 
-2*k6*int(20)); % YS 6D 
- k6*int(21)); % Y6_7A 
-2*k6*int(21)); % Y6 7A 
- k6*int(22)); % Y6_7B 
-2*k6*int(22)); % Y6_7B 
-4*k6*int(22)); % Y6-7B 
- k6*int(23)); % Y6_7C 
-2*k6*int(23)); % Y6_7C 
- k6*int(24)); % Y6-7D 
-2*k6*int(24)); % Y6_7D 
+k5*bin(v(340)) - k6*int(25)); % Y7_8A 
+k5*bin(v(341)) -2*k6*int(25)); % Y7_8A 
+k5*bin(v(342)) - k6*int(26)); % Y7_8B 
+k5*bin(v(343)) -2*k6*int(26)); % Y7_8B 
+k5*bin(v(344)) -4*k6*int(26)); % Y7_8B 
+k5*bin(v(345)) - k6*int(27)); % Y7_8C 
+k5*bin(v(346)) -2*k6*int(27)); % Y7_8C 
+k5*bin(v(347)) - k6*int(28)); % Y7_8D 
+k5*bin(v(348)) -2*k6*int(28)); % Y7_8D 
+k5*bin(v(349)) 
+k5*bin(v(350)) 
+k5*bin(v(351)) 
+k5*bin(v(352)) 
+k5*bin(v(353)) 
+k5*bin(v(354)) 
+k5*bin(v(355)) 
+k5*bin(v(356)) 
+k5*bin(v(357)) 
- k6*int(29)); % Y8_9A 
-2*k6*int(29)); % Y8-9A 
- k6*int(30)); % Y8_9B 
-2*k6*int(30)); % Y8 9B 
-4*k6*int(30)); % Y8-9B 
- k6*int(31)); % Y8_9C 
-2*k6*int(31)); % Y8_9C 
- k6*int(32)); % Y8 9D 
-2*k6*int(32)); % Y8 9D 
v(358)=-u*( kl*(- sbm33+ sbt37) +k5*bin(v(358)) - k6*int(33)); % Y9-10A, 
v(359)=-u*( kl*(- 2*sbm33+ 2*sbt37) +k5*bin(v(359)) -2*k6*int(33)); % Y9 10A 
v(360)=-u*( kl*(- sbm34+ sbt38) +k5*bin(v(360)) - k6*int(34)); % Y9-10B 
v(361)=-u*( kl*(- 2*sbm34+ 2*sbt38) +k5*bin(v(361)) -2*k6*int(34)); % Y9-10B 
v(362)=-u*( kl*(- 4*sbm34+ 4'sbt38) +k5*bin(v(362)) -4*k6*int(34)); % Y9-10B 
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Appendices 
v(363)=-u*( kl*(- sbm35+ sbt39) 
v(364)=-u*( kl*(- 2*sbm35+ 2*sbt39) 
v(365)=-u*( kl*(- sbm36+ sbt40) 
v(366)=-u*( kl*(- 2*sbm36+ 2*sbt40) 
v(367)=-u*( kl*(- 
v(368)=-u*( kl*(- 
v(369)=-u*( kl*(- 
v(370)=-u*( kl*(- 
v(371)=-u*( kl*(- 
v(372)=-u*( kl*(- 
v(373)=-u*( kl*(- 
v(374)=-u*( kl'(- 
v(375)=-u*( kl*(- 
v(376)=-u*( kl*(- 
v(377)=-u*( kl*1- 
v(378)=-u*( kl*(- 
v(379)=-u*( kl*(- 
v(380)=-u*( kl*(- 
v(381)=-u*( kl*(- 
v(382)=-u*( kl*(- 
v(383)=-u*( kl*(- 
v(384)=-u*( kl*(- 
sbt37+ sbt4l) 
2*sbt37+ 2*sbt4l) 
sbt38+ sbt42) 
2*sbt38+ 2*sbt42) 
4*sbt38+ 4*sbt42) 
sbt39+ sbt43) 
2*sbt39+ 2*sbt43) 
sbt40+ sbt44) 
2*sbt40+ 2*sbt44) 
+k5*bin(v(363)) - k6*int(35)); % Y9_lOC 
+k5*bin(v(364)) -2*k6*int(35)); % Y9_lOC 
+k5*bin(v(365)) - k6*int(36)); % Y9-10D 
+k5*bin(v(366)) -2*k6*int(36)); % Y9-10D 
+k5*bin(v(367)) - k6*int(37)); % Y10_11A 
+k5*bin(v(368)) -2*k6*int(37)); % Y10-11A 
+k5*bin(v(369)) - k6*int(38)); % Yl0_11B 
+k5*bin(v(370)) -2*k6*int(38)); % Y10_11B 
+k5*bin(v(371)) -4*k6*int(38)); % Y10_11B 
+k5*bin(v(372)) - k6*int(39)); % Y10_11C 
+k5*bin(v(373)) -2*k6*int(39)); % Y10_11C 
+k5*bin(v(374)) - k6*int(40)); % Y10_11D 
+k5*bin(v(375)) -2*k6*int(40)); % Y10_11D 
sbt4l+ sbt45) +k5*bin(v(376)) 
2*sbt4l+ 2*sbt45) +k5*bin(v(377)) 
sbt42+ sbt46) +k5*bin(v(378)) 
2*sbt42+ 2*sbt46) +k5*bin(v(379)) 
4*sbt42+ 4*sbt46) +k5*bin(v(380)) 
sbt43+ sbt47) +k5*bin(v(381)) 
2*sbt43+ 2*sbt47) +k5*bin(v(382)) 
sbt44+ sbt48) +k5*bin(v(383)) 
2*sbt44+ 2*sbt48) +k5*bin(v(384)) 
v(385)=-u*( kl'(- sbt45+ sbt49) 
v(386)=-u'( kl"(- 2*sbt45+ 2*sbt49) 
v(387)=-u`( kl'(- sbt46+ sbt50) 
v(3ß8)=-u*( 
v(389)=-u*( 
v(390)=-u*( 
v(391)=-u*( 
v(392)=-u*( 
v(393)=-u*( 
8 
kl*(- 2*sbt46+ 2*sbt50) 
kl*(- 4*sbt46+ 4*sbt50) 
kl*(- sbt47+ sbt5l) 
kl*(- 2*sbt47+ 2*sbt51) 
kl*(- sbt48+ sbt52) 
kl*(- 2*sbt48+ 2*sbt52) 
v(394)=-u*( kl*(- sbt49+ sbt53) 
v(395)=-u*( kl*(- 2*sbt49+ 2*sbt53) 
v(396)=-u*( kl*(- sbt50+ sbt54) 
v(397)=-u*( kl*(- 2*sbt5O+ 2*sbt54) 
v(398)=-u*( kl*(- 4*sbt50+ 4'sbt54) 
v(399)=-u*( kl*(- sbt5l+ sbt55) 
v(400)=-u*( kl*(- 2*sbt5l+ 2*sbt55) 
v(401)=-u*( kl*(- sbt52+ sbt56) 
v(402)=-u*( kl*(- 2*sbt52+ 2*sbt56) 
$ 
v(403)=-u*( 
v(404)=-u*( 
v(405)=-u* ( 
v(406)=-u*( 
v(407)=-u*( 
v(408)=-u*( 
v(409)=-u*( 
v(410)=-u*( 
v(411)=-u*( 
$ 
v(412)=-u*( 
v(413)=-u*( 
v(414)=-u*( 
v(415)=-u*( 
v(416)=-u*( 
v(417)=-u*( 
v(418)=-u*( 
v(419)=-u*( 
v(420)=-u*( 
96 
kl*(- sbt53+ sbt57) 
kl*(- 2*sbt53+ 2*sbt57) 
kl*(- sbt54+ sbt58) 
kl*(- 2*sbt54+ 2*sbt58) 
kl*(- 4*sbt54+ 4*sbt58) 
kl*(- sbt55+ sbt59) 
kl*(- 2*sbt55+ 2*sbt59) 
kl*(- sbt56+ sbt6O) 
kl*(- 2*sbt56+ 2*sbt60) 
kl*(- sbt57+ sbw6l) 
kl*(- 2*sbtS7+ 2*sbw6l) 
kl*(- sbt58+ sbw62) 
kl*(- 2*sbt58+ 2*sbw62) 
kl*(- 4*sbt58+ 4*sbw62) 
kl*(- sbt59+ sbw63) 
ki*(- 2*sbt59+ 2*sbw63) 
kl*(- sbt60+ sbw64) 
kl*(- 2*sbt6O+ 2*sbw64) 
- k6*int(41)); % Y11_12A 
-2*k6*int(41)); % Y11_12A 
- k6*int(42)); % Y11_12B 
-2*k6*int(42)); % Y11_12B 
-4*k6*int(42)); % Y11_12B 
- k6*int(43)); % Y11_12C 
-2*k6*int(43)); % Y11_12C 
- k6*int(44)); % Y11_12D 
-2*k6*int(44)); % Y11_12D 
+k5*bin(v(385)) - k6*int(45)); % Y12_13A 
+k5*bin(v(386)) -2*k6*int(45)); % Y12_13A 
+k5*bin(v(387)) - k6*int(46)); % Y12_13B 
+k5*bin(v(388)) -2*k6*int(46)); % Y12_13B 
+k5*bin(v(389)) -4*k6*int(46)); % Y12_13B 
+k5*bin(v(390)) - k6*int(47)); % Y12_13C 
+k5*bin(v(391)) -2*k6*int(47)); % Y12_13C 
+k5*bin(v(392)) - k6*int(48)); % Y12_13D 
+k5*bin(v(393)) -2*k6*int(48)); % Y12_13D 
+k5*bin(V(394)) 
+k5*bin(v(395)) 
+k5*bin(v(396)) 
+k5*bin(v(397)) 
+k5*bin(v(398)) 
+k5*bin(v(399)) 
+k5*bin(v(400)) 
+k5*bin(V(401)) 
+k5*bin(v(402)) 
+k5*bin(v(403)) 
+k5*bin(v(404)) 
+k5*bin(v(405)) 
+k5*bin(V(406)) 
+k5*bin(v(407)) 
+k5*bin(v(408)) 
+k5*bin(v(409)) 
+k5*bin(v(410)) 
+k5*bin(V(411)) 
- k6*int(49)); % Y13_14A 
-2*k6*int(49)); % Y13_14A 
- k6*int(50)); % Y13_14B 
-2*k6*int(50)); % Y13_14B 
-4*k6*int(50)); % Y13_14B 
- k6*int(51)); % Y13_14C 
-2*k6*int(51)); % Y1314C 
- k6*int(52)); % Y13_14D 
-2*k6*int(52)); % Y13_14D 
- k6*int(53)); % Y14_15A 
-2*k6*int(53)); % Y14_15A 
- k6*int(54)); % Y14_15B 
-2*k6*int(54)); % Y14_15B 
-4*k6*int(54)); % Y14_15B 
- k6*int(55)); % Y14_15C 
-2*k6*int(55)); % Y14_15C 
- k6*int(56)); % Y14_15D 
-2*k6*int(56)); % Y14_15D 
+k5*bin(v(412)) - k6*int(57)); % Y15_16A 
+k5*bin(v(413)) -2*k6*int(57)); % Y15_16A 
+k5*bin(v(414)) - k6*int(58)); % Y15_16B 
+k5*bin(v(415)) -2*k6*int(58)); % Y15-16B 
+k5'bin(v(416)) -4*k6*int(58)); % Y15_16B 
+k5*bin(v(417)) - k6*int(59)); % Y15_16C 
+k5*bin(v(418)) -2*k6*int(59)); % Y15_16C 
+k5*bin(v(419)) - k6*int(60)); 8 Y15_16D 
+k5*bin(v(420)) -2*k6*int(60)); % Y15_16D 
v(421)=-u*( kl*(- sbw6l+ sbw65) +k5*bin(v(421)) 
v(422)=-u*( kl*(- 2*sbw61+ 2*sbw65) +k5*bin(v(422)) 
v(423)=-u*( kl*(- sbw62+ sbw66) +k5*bin(v(423)) 
v(424)=-u*( kl*(- 2*sbw62+ 2*sbw66) +k5*bin(v(424)) 
v(425)=-u*( kl*(- 4*sbw62+ 4*sbw66) +k5*bin(v(425)) 
v(426)=-u*( kl*(- sbw63+ sbw67) +k5*bin(v(426)) 
v(427)=-u*( kl*(- 2*sbw63+ 2*sbw67) +k5*bin(v(427)) 
v(428)=-u*( kl*(- sbw64+ sbw68) +k5*bin(v(428)) 
- k6*int(61)); % Y16_17A 
-2*k6*int(61)); % Y16_17A 
- k6*int(62)); % Y16_17B 
-2*k6*int(62)); % Y16_17B 
-4*k6*int(62)); % Y16_17ß 
- k6*int(63)); % Y16_17C 
-2*k6*int(63)); % Y16_17C 
- k6*int(64)); % Y1617D 
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Appendices 
v(429)=-u"( 
$ 
v(430)=-u'( 
v(431)=-u"( 
v(432)=-u'( 
v(433)=-u"( 
v(434)=-u"( 
v(435)=-u"( 
v(436)=-u'( 
v(437)=-u'( 
v(438)=-u'( 
$ 
kl'(- 
kl* (- 
kl*(- 
kl* (- 
kl*(- 
kl* (- 
kl*(- 
kl* 
kl* 
kl* (- 
2*sbw64+ 2"sbw68) 
sbw65+ sbw69) 
2*sbw65+ 2*sbw69) 
sbw66+ sbw70) 
2*sbw66+ 2*sbw70) 
4*sbw66+ 4*sbw70) 
sbw67+ sbw7l) 
2*sbw67+ 2*sbw71) 
sbw68+ sbw72) 
2*sbw68+ 2*sbw72) 
v(439)=-u*( k1*(- 
v(440)=-u*( kl*(- 
v(441)=-u*( kl*(- 
v(442)=-u*( kl*(- 
v(443)=-u*( kl*(- 
v(444)=-u*( kl*(- 
v(445)=-u*( kl*l- 
v(446)=-u*( kl*(- 
v(447)=-u*( kl*(- 
$ 
v(448)=-u*( 
v(449)=-u*( 
v(450)=-u*( 
v(451)=-u*( 
v(452)=-u*( 
v(453)=-u*( 
v(454)=-u*( 
v(455)=-u*( 
v(456)=-u*( 
sbw69+ sbw73) 
2'sbw69+ 2*sbw73) 
sbw70+ sbw74) 
2"sbw70+ 2'sbw74) 
4"sbw70+ 4"sbw74) 
sbw7l+ sbw75) 
2'sbw71+ 2"sbw75) 
sbw72+ sbw76) 
2*sbw72+ 2"sbw76) 
kl*(- sbw73+ sbw77) 
kl*(- 2*sbw73+ 2*sbw77) 
kl*(- sbw74+ sbw78) 
kl*(- 2*sbw74+ 2*sbw78) 
kl*(- 4*sbw74+ 4*sbw78) 
kl*(- sbw75+ sbw79) 
kl*(- 2*sbw75+ 2*sbw79) 
kl*(- sbw76+ sbw80) 
kl*(- 2*sbw76+ 2*sbw80) 
v(457)=-u*( kl*(- 
v(458)=-u*( kl*(- 
v(459)=-u*( kl*(- 
v(460)=-u*( kl*(- 
v(461)=-u*( kl*(- 
v(462)=-u*( kl*(- 
v(463)=-u*( kl*(- 
v(464)=-u*( kl*(- 
v(465)=-u*( kl*(- 
$ 
v(466)=-u*( 
v(467)=-u*( 
v(468)=-u*( 
v(469)=-u*( 
v(470)=-u*( 
v(471)=-u*( 
v(472)=-u*( 
v(473)=-u*( 
v(474)=-u*( 
$ 
sbw77+ sbw8l) 
2*sbw77+ 2*sbw8l) 
sbw78+ sbw82) 
2*sbw78+ 2*sbw82) 
4*sbw78+ 4*sbw82) 
sbw79+ sbw83) 
2*sbw79+ 2*sbw83) 
sbw80+ sbw84) 
2*sbw80+ 2*sbw84) 
kl*(- sbw81+ sbw85) 
kl*(- 2*sbw81+ 2*sbw85) 
kl*(- sbw82+ sbw86) 
kl*(- 2*sbw82+ 2*sbw86) 
kl*(- 4*sbw82+ 4*sbw86) 
kl*(- sbw83+ sbw87) 
kl*(- 2*sbw83+ 2*sbw87) 
kl*(- sbw84+ sbw88) 
kl*(- 2*sbw84.2*sbw88) 
v(475)=-u*( kl*(- 
v(476)=-u*( kl*(- 
v(477)=-u*( kl*(- 
v(478)=-u*( kl*(- 
v(479)=-u*( kl*(- 
v(480)=-u*( kl*(- 
v(481)=-u*( kl*(- 
v(482)=-u*( kl*(- 
v(483) =-u*( kl*(- 
$ 
v(484)=-u*( 
v(485)=-u*( 
v(486)=-u*( 
v(487)=-u*( 
v(488)=-u*( 
v(489)=-u*( 
v(490)=-u*( 
v(491)=-u*( 
v(492)=-u*( 
kl'(- 
kl'(- 
kl'(- 
kl'(- 
kl' 
kl' (- 
kl'(- 
kl'(- 
kl' (- 
sbw85+ sbh89) 
2+sbw85+ 2"sbh89) 
sbw86+ sbh9O) 
2'sbw86+ 2'sbh90) 
4+sbw86+ 4"sbh90) 
sbw87+ sbh9l) 
2"sbw87+ 2"sbh91) 
sbw88+ sbh92) 
2"sbw88+ 2"sbh92) 
+k5*bin(v(429)) -2*k6*int(64)); % Y16_17D 
+k5*bin(v(430)) - k6*int(65)); % Y17_18A 
+k5*bin(v(431)) -2*k6*int(65)); % Y17 18A 
+k5*bin(v(432)) - k6*int(66)); % Y17_18B 
+k5*bin(v(433)) -2*k6*int(66)); % Y17_18ß 
+k5*bin(v(434)) -4*k6*int(66)); % Y17_18B 
+k5*bin(v(435)) - k6*int(67)); % Y17 18C 
+k5*bin(v(436)) -2*k6*int(67)); % Y17 18C 
+k5*bin(v(437)) - k6*int(68)); % Y17_18D 
+k5*bin(v(438)) -2*k6*int(68)); % Y17_18D 
+k5*bin(v(439)) - k6*int(69)); % Y18_19A 
+k5*bin(v(440)) -2*k6*int(69)); % Y18_19A 
+k5*bin(v(441)) - k6*int(70)); % Y18_19B 
+k5*bin(v(442)) -2*k6*int(70)); % Y18_19B 
+k5*bin(v(443)) -4*k6*int(70)); % Y18_19B 
+k5*bin(v(444)) - k6*int(71)); % Y18_19C 
+k5*bin(v(445)) -2*k6*int(71)); % Y18_19C 
+k5*bin(v(446)) - k6*int(72)); % Y18 19D 
+k5*bin(v(447)) -2*k6*int(72)); % Y18 19D 
+k5*bin(v(448)) - k6*int(73)); % Y19_20A 
+k5*bin(v(449)) -2*k6*int(73)); % Y19_20A 
+k5*bin(v(450)) - k6*int(74)); % Y19_20ß 
+k5*bin(v(451)) -2*k6*int(74)); % Y19_20B 
+k5*bin(v(452)) -4*k6*int(74)); % Y19_20B 
+k5*bin(v(453)) - k6*int(75)); % Y19_20C 
+k5*bin(v(454)) -2*k6*int(75)); % Y1920C 
+k5*bin(v(455)) - k6*int(76)); % Y19_20D 
+k5*bin(v(456)) -2*k6*int(76)); % Y19_20D 
+k5*bin(v(457)) - k6*int(77)); % Y20_21A 
+k5*bin(v(458)) -2*k6*int(77)); % Y20_21A 
+k5*bin(v(459)) - k6*int(78)); % Y20_21B 
+k5*bin(v(460)) -2*k6*int(78)); % Y20_21B 
+k5*bin(v(461)) -4*k6*int(78)); % Y20_21B 
+k5*bin(v(462)) - k6*int(79)); % Y20_21C 
+k5*bin(v(463)) -2*k6*int(79)); % Y20_21C 
+k5*bin(v(464)) - k6*int(SO)); % Y20 21D 
+kS*bin(v(465)) -2*k6*int(80)); % Y20_21D 
+kS*bin(v(466)) - k6*int(81)); % Y21_22A 
+k5*bin(v(467)) -2*k6*int(81)); % Y21_22A 
+k5*bin(v(468)) - k6*int(82)); % Y21_22B 
+k5*bin(v(469)) -2*k6*int(82)); % Y21_22B 
+k5*bin(v(470)) -4*k6*int(82)); % Y21_22B 
+k5*bin(v(471)) - k6*int(83)); % Y21_22C 
+k5*bin(v(472)) -2*k6*int(83)); % Y21_22C 
+k5*bin(v(473)) - k6*int(84)); % Y21_22D 
+k5*bin(v(474)) -2*k6*int(84)); % Y21_22D 
+k5*bin(v(475)) 
+kS*bin(v(476)) 
+k5"bin(v(477)) 
+k5*bin(v(478)) 
+k5"bin(v(479)) 
+k5*bin(v(480)) 
+kS'bin(v(481)) 
+k5"bin(v(482)) 
+k5*bin(v(483)) 
- k6*int(85)); % Y22_23A 
-2*k6*int(85)); % Y22_23A 
- k6*int(86)); % Y22_23B 
-2*k6*int(86)); % Y22_23B 
-4*k6*int(86)); % Y22_23B 
- k6*int(87)); % Y22_23C 
-2*k6*int(87)); % Y2223C 
- k6*int(88)); % Y22_23D 
-2*k6*int(88)); % Y22_23D 
sbh89+ sbh93) +k5*bin(v(484)) 
2*sbh89+ 2*sbh93) +k5*bin(v(485)) 
sbh90+ sbh94) +k5*bin(v(486)) 
2*sbh9O+ 2*sbh94) +k5*bin(v(487)) 
4*sbh9O+ 4*sbh94) +k5*bin(v(488)) 
sbh91+ sbh95) +k5*bin(v(489)) 
2*sbh91+ 2*sbh95) +k5*bin(v(490)) 
sbh92+ sbh96) +k5*bin(v(491)) 
2*sbh92+ 2*sbh96) +k5*bin(v(492)) 
$ 
v(493)=-u'( kl"(- sbh93+ sbh97) 
- k6*int(89)); 
-2*k6*int(89)); 
- k6*int(90)); 
-2*k6*int(90)); 
-4*k6*int(90)); 
- k6*int(91)); 
-2*k6*int(91)); 
- k6*int(92)); 
-2*k6*int(92)); 
% Y23_24A 
96 Y23_24A 
% Y23_24B 
% Y23_24B 
% Y23_24B 
% Y23_24C 
% Y23_24C 
% Y23_24D 
% Y23_24D 
+k5*bin(v(493)) - k6*int(93)); % Y24_25A 
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v(494)=-u*( kl*(- 2*sbh93+ 2'sbh97) +k5*bin(v(494)) 
v(495)=-u*( kl*(- sbh94+ sbh98) +k5*bin(v(495)) 
v(496)=-u*( kl*(- 2*sbh94+ 2*sbh98) +k5*bin(v(496)) 
v(497)=-u*( kl*(- 4'sbh94+ 4'sbh98) +k5*bin(v(497)) 
v(498)=-u*( kl*(- sbh95+ sbh99) +k5*bin(v(498)) 
v(499)=-u*( kl*(- 2*sbh95+ 2*sbh99) +k5*bin(v(499)) 
v(500)=-u*( kl*(- sbh96+ sbh100) +k5*bin(v(500)) 
v(501)=-u*( kl*(- 2*sbh96+ 2*sbh100)+k5*bin(v(501)) 
$ 
v(502)=-u'( 
v(503)=-u"( 
v(504)=-u"( 
v(505)=-u'( 
v(506)=-u'( 
v(507)=-u*( 
v(508)=-u*( 
v(509)=-u*( 
v(510)=-u*( 
$ 
v(511)=-u*( 
v(512)=-u*( 
v(513)=-u*( 
v(514)=-u*( 
v(515)=-u*( 
v(516)=-u*( 
v(517)=-u*( 
v(518)=-u*( 
v(519)=-u*( 
$ 
v(520)=-u*( 
v(521)=-u*( 
v(522)=-u*( 
v(523)=-u'( 
v(524)=-u*( 
v(525)=-u*( 
v(526)=-u*( 
v(527)=-u*( 
v(528)=-u'( 
$ 
v(529)=-u*( 
v(530)=-u*( 
v(531)=-u*( 
v(532)=-u*( 
v(533)=-u*( 
v(534)=-u"( 
v(535)=-u'( 
v(536)=-u"( 
v(537)=-u'( 
$ 
v(538)=-u'( 
v(539)=-u'( 
v(540)=-u'( 
v(541)=-u"( 
v(542)=-u'( 
v(543)=-u'( 
v(544)=-u"( 
v(545)=-u'( 
v(546)=-u'( 
v(547)=-u"( 
v(548)=-u'( 
v(549)=-u'( 
v(550)=-u'( 
v(551)=-u'( 
v(552)=-u'( 
v(553)=-u'( 
, (554)=-u'( 
v(555)=-u'( 
$ 
v(556)=-u'( 
v(557)=-u'( 
v(558)=-u'( 
v(559)=-u'( 
k1*(- sbh97+ sbh101) +k5*bin(v(502)) 
kl*(- 2*sbh97+ 2*sbh101) +k5*bin(v(503)) 
kl*(- sbh98+ sbhl02) +k5*bin(v(504)) 
kl*(- 2*sbh98+ 2*sbh102) +k5*bin(v(505)) 
kl*(- 4*sbh98+ 4*sbh102) +k5*bin(v(506)) 
kl*(- sbh99+ sbh103) +k5*bin(v(507)) 
kl*(- 2*sbh99+ 2*sbhlO3) +k5*bin(v(508)) 
kl*(- sbhlOO+ sbh103l) +k5*bin(v(509)) 
kl*(- 2*sbh100+2*sbh1031)+k5*bin(v(510)) 
-2*k6*int(93)); % Y24_25A 
- k6*int(94)); % Y24_25B 
-2*k6*int(94)); % Y24-25B 
-4*k6*int(94)); % Y24_25B 
- k6*int(95)); % Y24_25C 
-2*k6*int(95)); % Y24_25C 
- k6*int(96)); % Y24_25D 
-2*k6*int(96)); % Y24_25D 
- k6*int(97)); % Y25_26A 
-2*k6*int(97)); % Y25_26A 
- k6*int(98)); % Y25_26B 
-2*k6*int(98)); % Y25_26B 
-4*k6*int(98)); % Y25_26B 
- k6*int(99)); % Y25_26C 
-2*k6*int(99)); % Y25_26C 
- k6*int(100)); % Y25_26D 
-2*k6*int(100)); % Y25_26D 
ki*(- sbh101+ sbh104) +k5*bin(v(511)) 
kl*(- 2*sbh101+ 2*sbhl04) +k5*bin(v(512)) 
ki*(- sbh102+ sbh105) +k5*bin(v(513)) 
kl*(- 2*sbh102+ 2*sbhlOS) +k5*bin(v(514)) 
kl*(- 4*sbh102+ 4*sbh105) +k5*bin(v(515)) 
kl*(- sbh103+ sbhl06) +k5*bin(v(516)) 
kl*(- 2*sbh103+ 2*sbh106) +k5*bin(v(517)) 
kl*(- sbh1031+ sbh107) +k5*bin(v(518)) 
kl*(- 2*sbh1031+ 2*sbh107)+k5*bin(v(519)) 
ki*(- sbh104+ sbhlO8) +k5*bin(v(520)) 
kl*(- 2*sbh104+ 2*sbh108) +k5*bin(v(521)) 
kl*(- sbh105+ sbh109) +k5'bin(v(522)) 
ki*(- 2*sbh105+ 2*sbh109) +k5*bin(v(523)) 
kl*(- 4*sbhlO5+ 4*sbh109) +k5*bin(v(524)) 
kl*(- sbh106+ sbhllO) +k5*bin(v(525)) 
kl*(- 2*sbh106+ 2*sbhllO) +k5*bin(v(526)) 
kl*(- sbhl07+ sbhlll) +k5*bin(v(527)) 
ki*(- 2*sbh107+ 2'sbhlll) +k5*bin(v(528)) 
kl*(- sbhlO8+ sbfll2) 
kl*(- 2"sbh108+ 2"sbf112) 
kl*(- sbh109+ sbf113) 
kl*(- 2"sbh109+ 2`sbf113) 
kl*(- 4"sbh109+ 4'sbfll3) 
kl*(- sbh110+ sbfll4) 
kl*(- 2"sbhll0+ 2+sbf114) 
kl*(- sbhlll+ sbfll5) 
kl*(- 2'sbhill+ 2"sbf115) 
kl'(- 
kl' 
kl'(- 
kl'(- 
kl' 
kl'(- 
kl'(- 
kl' (- 
kl'(- 
kl"(- 
kl"(- 
kl"(- 
kl" 
kl"(- 
kl"(- 
kl"(- 
kl"(- 
kl' 
kl'(- 
kl"(- 
kl'(- 
kl'(- 
+k5"bin(v(529)) 
+k5*bin(v(530)) 
+k5*bin(v(531)) 
+k5"bin(v(532)) 
+k5"bin(v(533)) 
+k5'bin(v(534)) 
+k5"bin(v(535)) 
+k5"bin(v(536)) 
+k5*bin(v(537)) 
sbf112. sbfll6) +k5*bin(v(538)) 
2*sbfll2+ 2*sbf116) +k5"bin(v(539)) 
sbfll3+ sbfll7) +k5*bin(v(540)) 
2*sbfll3+ 2*sbf117) +k5*bin(v(541)) 
4*sbfll3+ 4*sbf117) +k5*bin(v(542)) 
sbfil4+ sbf118) +k5*bin(v(543)) 
2*sbf114+ 2"sbf118) +k5*bin(v(544)) 
sbf115+ sbfll9) +k5"bin(v(545)) 
2"sbf115+ 2"sbf119) +k5"bin(v(546)) 
sbfil6+ sbf120) 
2*sbf116+ 2'sbf120) 
sbfll7+ sbfl2l) 
2*sbf117+ 2*sbfl2l) 
4'sbfll7+ 4*sbf121) 
sbf118+ sbfl22) 
2*sbf118+ 2'sbf122) 
sbf119+ sbfl23) 
2*sbfil9+ 2'sbf123) 
+k5"bin(v(547)) 
+k5"bin(v(548)) 
+k5"bin(v(549)) 
+k5"bin(v(550)) 
+k5*bin(v(551)) 
+k5*bin(v(552)) 
+k5*bin(v(553)) 
+kS*bin(v(554)) 
+k5'bin(v(555)) 
sbf120+ sbf124) 
2"sbf120+ 2+sbf124) 
sbf121+ sbf125) 
2"sbf121+ 2'sbf125) 
+k5*bin(v(556)) 
+k5"bin(v(557)) 
+k5"bin(v(558)) 
+k5"bin(v(559)) 
- k6*int(101)); % Y26_27A 
-2*k6*int(101)); % Y26_27A 
- k6*int(102)); % Y26_27B 
-2*k6*int(102)); % Y26_27B 
-4*k6*int(102)); % Y26_27B 
- k6*int(103)); % Y26_27C 
-2*k6*int(103)); % Y26_27C 
- k6*int(104)); % Y26_27D 
-2*k6*int(104)); % Y26_27D 
- k6*int(105)); 
-2*k6*int(105)); 
- k6*int(106)); 
-2*k6*int(106)); 
-4*k6*int(106)); 
- k6*int(107)); 
-2*k6*int(107)); 
- k6*int(108)); 
-2*k6*int(108)); 
$ Y27_28A 
$ Y2728A 
$ Y27 28B 
$ Y27 28B 
$ Y27_28B 
$ Y27_28C 
ý Y2728C 
$ Y27_28D 
$ Y27_28D 
- k6*int(109)); 
-2*k6*int(109)); 
- k6*int(110)); 
-2*k6*int(110)); 
-4*k6*int(110)); 
- k6*int(111)); 
-2*k6*int(111)); 
- k6*int(112)); 
-2*k6*int(112)); 
% Y28 29A 
% Y28_29A 
% Y28 29B 
% Y28_29B 
% Y28_29B 
% Y28_29C 
% Y2829C 
% Y2829D 
% Y28_29D 
- k6*int(113)); % Y29_30A 
-2*k6*int(113)); % Y29_30A 
- k6*int(114)); % Y29_30B 
-2*k6*int(114)); % Y29_30B 
-4*k6*int(114)); % Y29_30B 
- k6*int(115)); % Y29_30C 
-2*k6*int(115)); % Y29_30C 
- k6*int(116)); % Y29_30D 
-2*k6*int(116)); % Y29_30D 
- k6*int(117)); % Y30_31A 
-2*k6*int(117)); % Y30_31A 
- k6*int(118)); % Y30_31B 
-2*k6*int(118)); % Y30_31B 
-4*k6*int(118)); % Y30_31B 
- k6*int(119)); % Y30_31C 
-2*k6*int(119)); % Y30_31C 
- k6*int(120)); % Y30_31D 
-2*k6*int(120)); % Y30_31D 
- k6*int(121)); % Y31_32A 
-2*k6*int(121)); % Y31_32A 
- k6*int(122)); % Y31_32B 
-2*k6*int(122)); % Y31_32B 
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v(560)=-u'( kl'(- 4'sbf121+ 4'sbf125) 
v(561)=-u'( kl'(- sbfl22+ sbfl26) 
v(562)=-u'( kl'(- 2"sbf122+ 2'sbf126) 
v(563)=-u'( kl'(- sbf123+ sbfl27) 
v(564)=-u'( kl'(- 2'sbf123+ 2'sbf127) 
v(565)=-u'( kl'(- 
v(566)=-u'( kl'(- 
v(567)=-u'( kl'(- 
v(568)=-u'( kl'(- 
v(569)=-u'( kl'(- 
v(570)=-u'( kl'(- 
v(571)=-u'( kl'(- 
v(572)=-u'( kl'(- 
v(573)=-u'( kl'(- 
8 
sbf124+ sbfl28) 
2"sbf124+ 2"sbf128) 
sbfl25+ sbfl29) 
2"sbf125+ 2'sbf129) 
4"sbf125+ 4"sbf129) 
sbf126" sbfl30) 
2"sbfl26+ 2*sbfl3O) 
sbf127+ sbfl3l) 
2"sbfl27.2"sbf131) 
+k5*bin(v(560)) -4*k6*int(122)); 
+kS*bin(v(561)) - k6*int(123)); 
+k5*bin(v(562)) -2*k6*int(123)); 
+k5*bin(v(563)) - k6*int(124)); 
+k5*bin(v(564)) -2*k6*int(124)); 
% Y31_32ß 
% Y31_32C 
% Y31_32C 
% Y31_32D 
% Y31_32D 
+k5*bin(v(565)) - k6*int(125)); 
+k5*bin(v(566)) -2*k6*int(125)); 
+k5*bin(v(567)) - k6*int(126)); 
+k5*bin(v(568)) -2*k6*int(126)); 
+k5*bin(v(569)) -4*k6*int(126)); 
+k5*bin(v(570)) - k6*int(127)); 
"k5*bin(v(571)) -2*k6*int(127)); 
+k5*bin(v(572)) - k6*int(128)); 
+k5*bin(v(573)) -2*k6*int(128)); 
% Y32_33A 
% Y32_33A 
% Y32_33B 
% Y32_33B 
% Y32_33B 
% Y32_33C 
% Y32_33C 
% Y32_33D 
% Y32_33D 
v(574)=-u*(kl*(-sbf128+ sbfl32) +k2'acl +k5'bin(v(574)) - k6*int(129)); 8Y33_34A 
v(575)=-u*(kl*(-2*sbf128+2'sbf132) +k2*2*acl+k5*bin(v(575))-2*k6*int(129)); 8Y33_34A 
v(576)=-u*(kl*(-sbf129+sbf133) +k2*ac2 +k5'bin(v(576)) - k6*int(130)); %Y33-34B 
v(577)=-u*(kl*(-2*sbf129+2*sbf133) +k2*2*ac2+k5'bin(v(577)) -2*k6*int(130)); %Y33-34B 
v(578)=-u*(kl*(-4*sbf129+4'sbf133) +k2'4*ac2 +k5*bin(v(578))-4*k6*int(130)); $Y33_34B 
v(579)=-u*(kl*(-sbf130+sbf134) +k2*ac3 +k5*bin(v(579)) - k6*int(131)); %Y33-34C 
v(580)=-u*(kl*(- 2'sbfl30+ 2*sbf134)+k2*2*ac3+k5*bin(v(580)) -2*k6*int(131)); $Y33_34C 
v(581)=-u*(kl*(-sbf131+sbf135) +k2*ac4 +k5*bin(v(581)) - k6*int(132)); 8Y33_34D 
v(582)=-u*(kl*(- 2*sbf131+ 2*sbf13S)+k2*2*ac4+k5*bin(v(582)) -2*k6*int(132)); 8Y33_34D 
v(583)=-u*( kl*(- sbfl32+ sbf136) +k5*bin(v(583)) - k6*int(133)); % Y34_35A 
v(584)=-u*( kl*(- 2*sbf132+ 2*sbf136) +k5*bin(v(584)) -2*k6*int(133)); % Y34_35A 
v(585)=-u*( kl*(- sbfl33+ sbf137) +k5'bin(v(585)) - k6*int(134)); % Y34_35B 
v(586)=-u*( kl*(- 2'sbf133+ 2*sbfl37) +k5*bin(v(586)) -2*k6*int(134)); % Y34_35B 
v(587)=-u*( kl*(- 4*sbf133+ 4*sbfl37) +k5*bin(v(587)) -4*k6*int(134)); % Y34_35B 
v(588)=-u*( kl*(- sbfl34+ sbf138) +k5'bin(v(588)) - k6*int(135)); % Y34_35C 
v(589)=-u*( kl*(- 2*sbf134+ 2*sbf138) +k5*bin(v(589)) -2*k6*int(135)); % Y34_35C 
v(590)=-u*( kl*(- sbf135+ sbfl39) +k5*bin(v(590)) - k6*int(136)); % Y34_35D 
v(591)=-u*( kl*(- 2*sbf135+ 2'sbfl39) +k5*bin(v(591)) -2*k6*int(136)); % Y34_35D 
$ 
v(592)=-u*( kl*(- sbf136+ sbfl4O) +k5*bin(v(592)) - k6*int(137)); % Y35_36A 
v(593)=-u*( kl*(- 2'sbf136+ 2*sbf140) +k5*bin(v(593)) -2*k6*int(137)); % Y35_36A 
v(594)=-u*( kl*(- sbfl37+ sbfl4l) +k5'bin(v(594)) - k6*int(138)); % Y35_36B 
v(595)=-u*( kl*(- 2*sbfl37 + 2*sbf141) +k5'bin(v(595)) -2*k6*int(138)); % Y35_36B 
v(596)=-u'( kl*(- 4*sbfl37.4*sbf141) +k5'bin(v(596)) -4*k6*int(138)); % Y35_36B 
v(597)=-u*( kl*(- sbf138+ sbf142) +k5'bin(v(597)) - k6*int(139)); % Y35_36C 
v(598)=-u*( kl*(- 2*sbf138+ 2*sbf142) +k5*bin(v(598)) -2*k6*int(139)); % Y35_36C 
v(599)=-u'( kl*(- sbf139+ sbfl43) +k5'bin(v(599)) - k6'int(140)); % Y35_36D 
v(600)=-u*l kl*(- 2*sbf139" 2*sbf143) +k5*bin(v(600)) -2*k6*int(140)); % Y35_36D 
$ 
v(601)=-u*( kl*(- sbf140+ sbs144) +k5*bin(v(601)) - k6*int(141)); % Y36_37A 
v(602)=-u*( ki*(- 2*sbf140+ 2'sbs144) +k5*bin (v(602)) -2*k6*int(141)); % Y36_37A 
v(603)=-u*( ki*(- sbf141+ sbsl45) +kS*bin(v(603)) - k6*int(142)); % Y36_37B 
v(604)=-u*( kl*(- 2*sbf141+ 2*sbs145) +k5*bin(v(604)) -2*k6*int(142)); % Y3637B 
v(605)=-u'( kl*(- 4*sbf141+ 4'sbs145) +k5'bin(v(605)) -4*k6*int(142)); % Y3637B 
v(606)=-u*( kl*(- sbfl42+ sbs146) +k5*bin(v(606)) - k6*int(143)); % Y36_37C 
v(607)=-u*( kl*(- 2*sbfl42+ 2*sbs146) +k5*bin(v(607)) -2*k6*int(143)); % Y36-37C 
v(608)=-u*( kl*(- sbf143+ sbsl47) +k5*bin(v(608)) - k6*int(144)); % Y36_37D 
v(609)=-u*( ki*(- 2*sbf143+ 2'sbs147) +k5*bin(v(609)) -2*k6*int(144)); % Y36_37D 
v(610)=-u'( 
v(611)=-u'( 
v(612)=-u'( 
v(613)=-u'( 
v(614)=-u'( 
v(615)=-u'( 
v(616)=-u'( 
v(617)=-u'( 
v(618)=-u'( 
4 
kl'(- 
kl'(- 
kl'(- 
kl'(- 
kl'(- 
kl'(- 
kl'(- 
kl'(- 
ki'(- 
sbs144+ sbs14B) 
2'sbs144+ 2'sbs148) 
sbs145+ sbsl49) 
2'sbs145.2'sbs149) 
4'sbsl45.4'sbs149) 
sbs146+ sbs1S0) 
2'sbs146+ 2'sbs150) 
sbs147+ sbs151) 
2'sbs147.2'sbs151) 
+k5"bin(v(610)) 
+k5"bin(v(611)) 
+k5"bin(v(612)) 
+k5"bin(v(613)) 
+k5+bin(v(614)) 
+k5"bin(v(615)) 
+k5`bin(v(616)) 
+kS+bin(v(617)) 
+kS"bin(v(618)) 
- k6*int(145)); 
-2*k6*int(145)); 
- k6*int(146)); 
-2*k6*int(146)); 
-4*k6*int(146)); 
- k6*int(147)); 
-2*k6*int(147)); 
- k6*int(148)); 
-2*k6*int(148)); 
$ 
$ 
$ 
$ 
$ 
$ 
$ 
Y37_38A 
Y37_38A 
Y37 38B 
Y37_38B 
Y37_38B 
Y37_38C 
Y37 38C 
Y37_38D 
Y37_38D 
v(619)=-u*( kl*(- sbs148" sbs152) +k5*bin(v(619)) - 
k6*int(149)); % Y38 39A 
v(620)=-u*( 
kl*(- 2*sbs148.2*sbs152) +k5*bin(v(620)) -2*k6*int(149)); % Y38 39A 
v(621)=-u*( 
kl*(- sbs149" sbs153) +k5*bin(v(621)) - k6*int(150)); % Y38_39B 
vi622)=-u*( 
kl*(- 2*sbs149+ 2*sbs153) . k5*bin(v(622)) -2*k6*int(150)); % Y38 39B 
v(623)=-u*( 
k1*(- 4*sbs149+ 4*sbs153) . k5*bin(v(623)) -4*k6*int(150)); % Y38_39B 
v(624)=-u*( 
kl*(- sbs150+ sbsiS4) +k5*bin(v(624)) - k6*int(151)); % Y38_39C 
v(625)=-u*( 
kl*(- 2*sbs150.2*sbs154) "k5*bin(v(625)) -2*k6*int(151)); % Y38_39C 
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Appendices 
v(626)=-u"( kl"(- sbs151+ sbsl55) 
v(627)=-u"( kl"(- 2"sbs151.2"sbs155) 
v(628)=-u"( kl"(- 
v(629)=-u'( kl'(- 
v(630)=-u"( kl"(- 
v(631)=-u'( kl"(- 
v(632)=-u"( kl"(- 
v(633)=-u"( kl'(- 
v(634)=-u"( kl"(- 
v(635)=-u"( kl"(- 
v(636)=-u"( kl"(- 
v(637)=-u'( kl"(- 
v(638)=-u"( kl"(- 
v(639)=-u'( kl"(- 
v(640)=-u"( kl"(- 
v(641)=-u"( kl"(- 
v(642)=-u"( kl"(- 
v(643)=-u"( kl"(- 
v(644)=-u'( kl"(- 
v(645)=-u"( kl"(- 
v(646)=-u*( 
v(647)=-u*( 
v(648)=-u*( 
v(649)=-u*( 
v(650)=-u*( 
v(651)=-u*( 
v(652)=-u*( 
v(653)=-u*( 
v(654)=-u'( 
$ 
v(655)=-u"( 
v(656)=-u"( 
v(657)=-u'( 
v(658)=-u'( 
v(659)=-u'( 
v(660)=-u"( 
v(661)=-u"( 
v(662)=-u"( 
v(663)=-u'( 
$ 
sbs152+ sbs156) 
2"sbs152.2"sbs156) 
sbs153+ sbs157) 
2"sbsl53+ 2"sbs157) 
4"sbsl53+ 4"sbs157) 
sbs154* sbs158) 
2"sbs154+ 2"sbs158) 
sbs155+ sbs159) 
2"sbs155+ 2"sbs159) 
+k5"bin(v(626)) 
+k5"bin(v(627)) 
+k5'bin(v(628)) 
+k5'bin(v(629)) 
+k5'bin(v(630) 
"k5'bin(v(631)) 
+k5'bin(v(632)) 
"k5'bin(v(633)) 
+k5'bin(v(634)) 
"k5'bin(v(635)) 
"k5'bin(v(636)) 
- k6*int(152)); % Y38_39D 
-2"k6`int(152)); % Y38_39D 
- k6*int(153)); % Y39_40A 
-2*k6*int(153)); % Y39_40A 
- k6*int(154)); % Y39_40B 
-2*k6*int(154)); % Y39_40B 
-4*k6*int(154)); % Y39_40B 
- k6*int(155)); % Y39_40C 
-2*k6*int(155)); % Y39_40C 
- k6*int(156)); % Y39_40D 
-2*k6*int(156)); % Y39_40D 
sbs156. sbsl6O) +k5*bin(v(637)) - k6*int(157)); % Y40_41A 
2*sbs156" 2*sbs160) "k5*bin(v(638)) -2*k6*int(157)); % Y40_41A 
sbs157+ sbs161) +k5*bin(v(639)) - k6*int(158)); % Y40_41B 
2*sbs157.2*sbs161) +k5*bin(v(640)) -2*k6*int(158)); % Y40_41B 
4*sbs157+ 4*sbs1611 +kS*bin(v(641)) -4*k6*int(158)); % Y40_41B 
sbs158+ sbsl62) +k5*bin(v(642)) - k6*int(159)); % Y40_41C 
2*sbs158.2*sbs162) +k5*bin(v(643)) -2*k6*int(159)); % Y40_41C 
sbs159+ sbs1631 +k5*bin(v(644)) - k6*int(160)); % Y40_41D 
2*sbs159" 2*sbs163) +k5*bin(v(645)) -2*k6*int(160)); % Y40_41D 
kl*(- sbs160+ sbsl64) +k5+bin(v(646)) 
kl*(- 2"sbs160+ 2"sbs164) +k5+bin(v(647)) 
kl*(- sbs161+ sbs165) +k5'bin(v(648)) 
kl'(- 2+sbs161+ 2*sbs165) . k5"bin(v(649)) 
kl*(- 4*sbs161* 4"sbs165) +k5"bin(v(650)) 
kl*(- sbs162* sbsl66) +kS"bin(v(651)) 
kl*(- 2+sbs162+ 2+sbs166) . k5"bin(v(652)) 
kl*(- sbs163+ sbsl67) +k5+bin(v(653)) 
kl*(- 2"sbs163+ 2"sbs167) +k5"bin(v(654)) 
kl'(- sbsl64+ sbs168) 
kl'(- 2'sbs164+ 2'sbs168) 
kl'(- sbs165+ sbsl69) 
kl'(- 2'sbs165" 2'sbs169) 
kl'(- 4'sbs165+ 4'sbs169) 
kl'(- sbsl66+ sbs170) 
kl'(- 2'sbs166+ 2'sbs170) 
kl'(- sbs167+ sbsl7l) 
kl'(- 2'sbs167.2'sbs171) 
- k6*int(161)); % Y41_42A 
-2*k6*int(161)); % Y41_42A 
- k6*int(162)); % Y41_42B 
-2*k6*int(162)); % Y41_42B 
-4*k6*int(162)); % Y41_42B 
- k6*int(163)); % Y41_42C 
-2*k6*int(163)); % Y41_42C 
- k6*int(164)); % Y41_42D 
-2*k6*int(164)); % Y41_42D 
+k5'bin(v(655)) - k6*int(165)); % Y42_43A 
+kS*bin(v(656)) -2'k6*int(165)); % Y42_43A 
+kS'bin(v(657)) - k6'int(166)); % Y42_43B 
+k5*bin(v(658)) -2*k6*int(166)); % Y42_43B 
+k5'bin(v(659)) -4*k6*int(166)); % Y42_43B 
+k5'bin(v(660)) - k6'int(167)); % Y42_43C 
+k5'bin(v(661)) -2*k6*int(167)); % Y42_43C 
+k5*bin(v(662)) - k6*int(168)); % Y42_43D 
+k5*bin(v(663)) -2'k6*int(168)); % Y42_43D 
v(664)=-u'( k1'(- sbs168" sbu172) +k5'bin(v(664)) 
v(665)=-u'( kl*(- 2'sbs168" 2'sbu172) +k5'bin(v(665)) 
v(666)=-u'( kl*(- sbs169" sbu173) +k5'bin(v(666)) 
v(667)=-u'( k1'(- 2'sbs169" 2'sbu173) +k5'bin(v(667)) 
v(668)=-u'( kl*(- 4'sbs169+ 4'sbu173) +k5'bin(v(668)) 
v(669)=-u'( kl*(- sbs170" sbu174) +k5'bin(v(669)) 
v(670)=-u'( kl*(- 2'sbs170+ 2'sbu174) +k5'bin(v(670)) 
v(671)=-u'( kl*(- sbs171+ sbu175) +k5'bin(v(671)) 
v(672)=-u'( kl*(- 2'sbs171" 2'sbu175) +k5'bin(v(672)) 
$ 
v(673)=-u"( 
v(674)=-u"( 
v(675)=-u'( 
v(676)=-u"( 
v(677)=-u'( 
v(678)=-u`( 
v(679)=-u"( 
v(680)=-u'( 
v(6ß1)='u"( 
v(6ß2)=-u"( 
v(6ß3)--u"( 
v(6ß4)=-u"( 
v(6ß5)=-u`( 
v(6ß6)--u"l 
v(687)=-u'( 
v(68ß)=-u"( 
v(6ß9)=-u'( 
v(690)=-u"( 
kl'(- sbu172. sbu176) "k5"bin(v(673)) 
kl*(- 2'sbu172+ 2'sbu176) "k5'bin(v(674)) 
kl'(- sbu173+ sbu177) "k5'bin(v(675)) 
kl*(- 2"sbu173.2"sbu177) "k5"bin(v(676)) 
kl*(- 4'sbu173+ 4"sbu177) "k5'bin(v(677)) 
kl*(- sbu174+ sbu178) "k5'bin(v(678)) 
kl'(- 2'sbu174.2"sbu178) "k5'bin(v(679)) 
kl*(- sbu175+ sbul79) "k5'bin(v(680)) 
k1'(- 2'sbu175+ 2'sbu179) +k5'bin(v(681)) 
- k6"int(169)); % Y43_44A 
-2"k6"int(169)); % Y43_44A 
- k6"int(170)); % Y43_44B 
-2"k6"int(170)); % Y43_44B 
-4"k6"int(170)); % Y43_44B 
- k6"int(171)); % Y43_44C 
-2"k6"int(171)); % Y43_44C 
- k6*int(172)); % Y43_44D 
-2"k6"int(172)); % Y43_44D 
- k6*int(173)); % Y44_45A 
-2*k6*int(173)1; % Y44_45A 
- k6*int(174)); % Y44 45B 
-2*k6*int(174)); % Y44_45B 
-4*k6*int(174)); % Y44_45B 
- k6*int(175)l; % Y44_45C 
-2*k6*int(175)); % Y44_45C 
- k6*int(176)); % Y44_45D 
-2*k6*int(176)); % Y44 45D 
kl*(- sbul76+ sbu180) +k5+bin(v(682)) - k6"int(177)); % Y45_46A 
kl*(- 2"sbu176+ 2"sbu180) +k5+bin(v(683)) -2*k6"int(177)); % Y45_46A 
kl*(- sbu177+ sbu181) +k5+bin(v(684)) - k6"int(178)); 8 Y45_46B 
kl*(- 2*sbu177.2"sbu181) +k5+bin(v(685)) -2"k6*int(178)); 8 Y45 46B 
kl"(- 4"sbu177+ 4"sbu1811 +k5"bin(v(686)) -4"k6+int(178)º; B Y45 46B 
kl*(- sbu178+ sbu182) +k5+bin(v(687)) - k6"int(179)); 8 Y45_46C 
kl*(- 2+sbu178" 2"sbu182) +k5`bin(v(688)) -2"k6+int(179)); 8 Y45 46C 
kl*(- sbu179+ sbu183) +kS"bin(v(689)) - k6"int(180)); 8 Y45_46D 
kl*(- 2'sbu179.2+sbu183) +k5"bin(v(690)) -2*k6*int(180)); $ Y45_46D 
182 
Appendices 
v(691)=-u'( 
v(692)=-u'( 
v(693)=-u'( 
v(694)=-u'( 
v(695)=-u'( 
v(696)=-u'( 
v(697)=-u'( 
v(698)=-u'( 
v(699)=-u'( 
$ 
kl'(- sbu180" sbul84) 
kl'(- 2'sbu180.2'sbu184) 
kl'(- sbu181+ sbu185) 
kl'(- 2'sbu181.2'sbulBS) 
kl'(- 4'sbulBl. 4'sbu185) 
kl'(- sbu182+ sbu186) 
kl'(- 2'sbu182" 2'sbu186) 
kl'(- sbuiB3. sbu187) 
kl'(- 2'sbul83" 2'sbu187) 
"kS"bin(v(691)) 
"k5'bin(v(692)) 
"kS'bin(v(693)) 
. k5"bin(v(694)) 
+k5"bin(v(695)) 
+k5"bin(v(696)) 
+k5"bin(v(697)) 
+k5"bin(v(698)) 
+k5"bin(v(699)) 
v(700)=-u'( kl'(- sbu184* sbu188) 
v(701)=-u'( kl'(- 2'sbu184" 2'sbu188) 
v(702)=-u'( kl'(- sbu18S" sbu189) 
v(703)=-u'( kl'(- 2'sbu18S. 2'sbul89) 
v(704)=-u'( kl'(- 4'sbu185" 4'sbu189) 
v(705)--u'( kl'(- sbu186* sbu190) 
v(706)=-u'( kl'(- 2'sbul86" 2'sbu190) 
v(707)=-u'( k1'(- sbu187* sbul9l) 
v(708)=-u'( kl'(- 2'sbu187.2'sbu191) 
$ 
v(709)=-u'( 
v(710)=-u'l 
v(711)=-u'( 
v(712)=-u'l 
v(713)=-u'( 
v(714)=-u'( 
v(715)=-u'( 
v(716)=-u'( 
v(717)=-u'( 
$ 
v(718)=-u'( 
v(719)=-u'( 
v(720)=-u'( 
v(721)=-u'( 
v(722)=-u'( 
v(723)=-u'( 
v(724)=-u'( 
v(725)=-u'( 
v(726)=-u'( 
$ 
v(727)=-u'( 
v(728)=-u'( 
v(729)=-u'( 
v(730)=-u'( 
v(731)=-u'( 
v(732)=-u'( 
v(733)=-u'( 
v(734)=-u'( 
v(735)=-u' 
$ 
kl'(- sbu188" sbul92) 
kl*(- 2'sbul88" 2'sbu192) 
kl*(- sbu189" sbul93) 
kl*(- 2'sbu189" 2'sbu193) 
kl*(- 4'sbul89" 4'sbu193) 
kl*(- sbu190" sbul94) 
kl'(- 2'sbu190.2'sbu194) 
kl*(- sbu191" sbu195) 
kl*(- 2'sbu191.2'sbu195) 
ki"l- 
kl'l- 
kl' 
kl'(- 
ki'(- 
kl"(- 
kl"(- 
kl' (- 
kl"(- 
sbu192" sbul96) 
2+sbu192.2"sbu196) 
sbu193" sbu197) 
2+sbu193+ 2+sbu197) 
4+sbu193+ 49sbu197) 
sbu194" sbul98) 
2+sbu194+ 2+sbu198) 
sbu195" sbu199) 
2+sbu195" 2"sbu199) 
kl*(- sbu196" sbmll 
kl*(- 2"sbu196" 2"sbml) 
kl*(- sbu197* sCa2) 
kl*(- 2"sbu197.2"stm2) 
kl"(- 4"sbul97.4"stm2) 
kl*(- abu198" sbm3) 
kl*(- 2"sbu198" 2"stxa3) 
kl*(- sbu199" sba4) 
ki" (- 2"sbu199" 2"stxe4) 
function g=bin(v); 
S_ v'(I-v)0(1-2'v). 
+k5"bin(V(700)) 
+k5"bin(v(701)) 
+k5"bin(v(702)) 
+k5"bin(v(703)) 
+k5"bin(v(704)) 
+k5"bin(v(705)) 
+k5"bin(v(706)) 
+k5+bin(v(707)) 
+k5"bin(v(708)) 
+k5"bin(v(709)) 
"k5"bin(v(710)) 
"k5"bin(v(711)) 
"k5+bin(v(712)) 
"k5"bin(v(713)) 
"k5"bin(v(714)) 
+k5"bin(v(715)) 
+k5+bin(v(716)) 
+k5"bin(v(717)) 
+k5+bin(v(718)) 
+k5"bin(v(719)) 
+k5"bin(v(720)) 
+kS"bin(v(721)) 
+k5"bin(v(722)) 
+k5*bin(v(723)) 
+k5"bin(v(724)) 
+k5"bin(v(725)) 
+k5"bin(v(726)) 
"kS"bin(v(727)) 
"k5"bin(v(728)) 
"kS"bin(v(729)) 
"kS"bin(v(730)) 
+kS"bin(v(731)) 
"kS"bin(v(732)) 
+k5"bin(v(733)) 
"kS"bin(v(738)) 
"kS"bin(v(735)) 
- k6*int(181)); % Y46_47A 
-2*k6*int(181)); % Y46_47A 
- k6*int(182)); % Y46_47B 
-2*k6*int(182)); % Y46 47B 
-4*k6*int(182)); % Y46_47B 
- k6*int(183)); % Y46_47C 
-2*k6*int(183)); % Y46_47C 
- k6*int(184)); % Y4647D 
-2*k6*int(184)); % Y46_47D 
- k6*int(185)); % Y47 48A 
-2"k6"int(185)); % Y47 48A 
- k6"int(186)); % Y47_48B 
-2"k6"int(186)); % Y47_48B 
-4"k6"int(186)); % Y47_48B 
- k6"int(187)); % Y47 48C 
-2"k6"int(187)); % Y47_48C 
- k6"int(188)); % Y47 48D 
-2"k6"int(188)); % Y47 48D 
- k6*int(189)); % Y48_49A 
-2'k6"int(189)); % Y48_49A 
- k6"int(190)); % Y48_49B 
-2`k6"int(190)); % Y48_49B 
-4"k6"int(190)); % Y48_49B 
- k6*int(191)); % Y48_49C 
-2"k6"int(191)); % Y48_49C 
- k6+int(192)); % Y48_49D 
-2"k6'int(192)); % Y48_49D 
- k6*int(193)); % Y49_50A 
-2"k6*int(193)); % Y49_50A 
- k6*int(194)); % Y49_50B 
-2"k6"int(194)); % Y4950B 
-4'k6"int(194)); % Y49_50B 
- k6*int(195)); % Y49_50C 
-2"k6"int(195)); % Y49_50C 
- k6"int(196)l; % Y49_50D 
-2"k6"int(196)); % Y49_50D 
- k6*int(197)); 
-2"k6"int(197)); 
- k6"int(198)); 
-2"k6"int(198)); 
-4'k6"int(198)); 
- k6*int(199)); 
-2"k6`int(199)); 
- k6*int(200)); 
-2`k6"int(200)); 
$ Y50_1A 
$ Y50_1A 
$ Y50_1B 
$ Y50_1B 
$ Y50_1B 
% Y50_1C 
% Y50_1C 
% Y50_1D 
% Y50_1D 
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Appendix 5. Small fleet assignment problem 
5.1 UNDO program 
MIN 
101084 X0231 A+ 107302 X0231 B+ 78964 X0231 D+ 
101079 X0233A + 107302 X0233B + 78963 X0233D + 
107168 X2071 A+ 104783 X2071 B+ 77621 X2071 D+ 
124853 X2072A + 104934 X2072B + 84012 X2072D + 
116832 X2076A + 105233 X2076B + 83186 X2076D + 
104604 X2133A + 104965 X2133B + 78775 X2133D + 
170834 X2232A + 143098 X2232B + 115967 X2232D + 
181295 X2377A + 132129 X2377B + 120312 X2377D + 
139031 X2516A + 142330 X2516B + 104726 X2516D + 
185459 X2571 A+ 145407 X2571 B+ 127936 X2571 D+ 
174992 X2577A + 142462 X2577B + 115103 X2577D + 
169007 X2812A + 149277 X2812B + 120717 X2812D + 
75187 X3532A + 65784 X3532B + 52220 X3532D + 
59238 X3553A + 62507 X3553B + 45093 X3553D + 
68502 X3677A + 68588 X3677B + 49336 X3677D + 
68407 X3731A + 68596X3731B + 50530 X3731D + 
144325 X5137A + 145422 X5137B + 107331 X5137D + 
34845 X6014A + 36460 X6014B + 26155 X6014D + 
36029 X6432A + 36465 X6432B + 26405 X6432D + 
36311 X6437A + 37840 X6437B + 27002 X6437D + 
22791 X7251 A+ 23107 X7251 B+ 15185 X7251 D+ 
134711 X9077A + 142477 X9077B + 106173 X9077D + 
83640 X9233A + 88155 X9233B + 66359 X9233D 
SUBJECT TO 
! Schedule Balance ! Node 1: 
-X7251A-YI 2A+X2076A+X6437A+Y11_1A=0 ! sbl 
-X7251B-Y1 2B+X2076B+X6437B+Y11_1B=0 ! sb2 
-X7251D-Y 1 2D+X2076D+X6437D+Y11_1D=0 ! sb3 
! Node 2: 
-X0231A -Y2_3A+X2516A+X3677A+X9077A+Y1_2A=0 ! sb4 
-X0231B -Y2_3B+X2516B+X3677B+X9077B+Y1_2B=0 ! sb5 
-X023 ID -Y2_3D+X2516D+X3677D+X9077D+Y1 2D=0 ! sb6 
! Node 3: 
-X3731A -X2071A-X2571A-X6432A -Y3 4A +X725 IA +Y2-3A=O! sb7 
-X3731B -X2071B-X2571B-X6432B -Y3-4B +X7251B +Y2_3B=0 ! sb8 
-X3731D -X2071D-X2571D-X6432D -Y3-4D +X7251D +Y2_3D=0 ! sb9 
! Node 4: 
-X2232A-X2812A -Y4_5A+X2377A+X2577A+X5137A +Y3 4A=0 ! sb 10 
-X2232B-X2812B -Y4_5B+X2377B+X2577B+X5137B +Y3_4B=0 ! sb11 
-X2232D-X2812D -Y4_5D+X2377D+X2577D+X5137D +Y3 4D=0 ! sb 12 
! Node 5: 
-X3532A -X2072A -Y5-6A +X3731A +Y4-5A=0 ! sb 13 
-X3532B -X2072B -Y5-6B +X3731B +Y4_5B=0 ! sb14 
-X3532D -X2072D -Y5_6D +X3731D +Y4-5D=0 ! sb 15 
! Node 6: 
-X9233A -Y6_7A +X6432A +YS 6A=0 ! sb 16 
-X9233B -Y6_7B +X6432B +Y5_6B=0 ! sb17 
-X9233D -Y6_7D +X6432D +Y5-6D=0 ! sb 18 
! Node 7: 
-X2133A -X0233A -Y7_8A +X0231 A+X2071 A +Y6_7A=0 ! sb 19 
-X2133B -X0233B -Y7-8B +X0231B+X2071B +Y6_7B=0 ! sb20 
-X2133D -X0233D -Y7-8D +X0231 D+X2071D +Y6_7D=0 ! sb21 
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! Node 8: 
-X3553A -X2377A -Y8 9A+X3532A+X2571A +Y7_8A=0 ! sb22 
-X3553B -X2377B -Y8_9B+X3532B+X2571B +Y7_8B=0 ! sb23 
-X3553D -X2377D -Y8 9D+X3532D+X2571D +Y7_8D=0 ! sb24 
! Node 9: 
-X6014A -Y9_ I OA +X9233A +Y8_9A=0 ! sb25 
-X6014B -Y9_IOB +X9233B +Y8_9B=0 ! sb26 
-X6014D -Y9_lOD +X9233D +Y8_9D=0 ! sb27 
! Node 10: 
-X2577A -X3677A -Y10_11A+X2072A+X2812A +Y9_10A=0 ! sb28 
-X2577B -X3677B -Y10_1IB+X2072B+X2812B +Y9_IOB=O ! sb29 
-X2577D -X3677D -Y10_11D+X2072D+X2812D +Y9_IOD=O ! sb30 
! Node 11: 
-X2076A-X5137A-X2516A-X9077A-X6437A- 
Y 11 
_1 
A+X3553A+X2133A+X2232A+X0233A+X6014A +Y 10_ 11 A=0 ! sb31 
-X2076B-X5137B-X2516B-X9077B-X6437B- 
Y11_IB+X3553B+X2133B+X2232B+X0233B+X6014B +Y10_l 113=0 ! sb32 
-X2076D-X5137D-X2516D-X9077D-X6437D- 
Yl 1_1D+X3553D+X2133D+X2232D+X0233D+X6014D +Y10_1 1D=0 ! sb33 
! Fleet size: 
X5137A+X2377A+X2577A+X2516A+X3677A+X2076A+X6437A+X9077A+Y11_1A=2 ! acl 
X5137B+X2377B+X2577B+X2516B+X3677B+X2076B+X6437B+X9077B+Y11_113=3 ! ac2 
X5 137D+X2377D+X2577D+X2516D+X3677D+X2076D+X6437D+X9077D+Y 11_1 D=3 ! ac3 
! Flight coverage: 
X023 IA + X0231 B+ X0231 D=1 ! fc 1 
X0233A + X0233B + X0233D =I ! fc2 
X2071 A+ X2071 B+ X2071 D=1! fc3 
X2072A + X2072B + X2072D =I ! fc4 
X2076A + X207613 + X2076D =1 ! fc5 
X2133A + X2133B + X2133D =1 ! fc6 
X2232A + X2232B + X2232D =1 ! fc7 
X2377A + X2377B + X2377D =I ! fc8 
X2516A + X2516B + X2516D =1 ! fc9 
X257 IA + X257 1B + X257 ID =1 ! fc 10 
X2577A + X2577B + X2577D =I ! fc I1 
X2812A + X2812B + X2812D =1 ! fc 12 
X3532A + X3532B + X3532D =I ! fc 13 
X3553A + X3553B + X3553D =I ! fc 14 
X3677A + X3677B + X3677D =1 ! fc 15 
X3731 A+ X3731 B+ X3731 D=I! fc 16 
X5137A+X5137B +X5137D= I ! fc17 
X6014A + X6014B + X6014D =I ! fc 18 
X6432A + X6432B + X6432D =1 ! fc 19 
X6437A + X6437B + X6437D =1 ! fc20 
X7251A + X7251 B+ X7251 D=1 ! fc2l 
X9077A + X9077B + X9077D =I ! fc22 
X9233A + X9233B + X9233D =1 ! fc23 
! Required through: 
X023 IA - X0233A =0 ! rtl X0231B - X0233B =0 ! rt3 
X0231D - X0233D =0 ! rt3 X6432A - X6437A =0 ! rt4 
X6432B - X6437B =0 ! rt5 X6432D - X6437D =0 ! rt6 
END 
INTEGER 69 
I 
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5.2 LINDO output 
LP OPTIMUM FOUND AT STEP 140 
OBJECTIVE VALUE= 2001130.00 
NEW INTEGER SOLUTION OF 2001130.00 AT BRANCH 0 PIVOT 140 
BOUND ON OPTIMUM: 2001130. 
ENUMERATION COMPLETE. BRANCHES= O PIVOTS= 140 
LAST INTEGER SOLUTION IS THE BEST FOUND 
RE-INSTALLING BEST SOLUTION... 
OBJECTIVE FUNCTION VALUE 
1) 2001130. 
VARIABLE VALUE REDUCED COST 
X0231A 1.000000 101084.000000 
X0231B 0.000000 107302.000000 
X0231 D 0.000000 78964.000000 
X0233A 1.000000 101079.000000 
X0233B 0.000000 107302.000000 
X0233D 0.000000 78963.000000 
X2071 A 0.000000 107168.000000 
X2071 B 0.000000 104783.000000 
X2071 D 1.000000 77621.000000 
X2072A 0.000000 124853.000000 
X2072B 1.000000 104934.000000 
X2072D 0.000000 84012.000000 
X2076A 0.000000 116832.000000 
X2076B 0.000000 105233.000000 
X2076D 1.000000 83186.000000 
X2133A 0.000000 104604.000000 
X2133B 0.000000 104965.000000 
X2133D 1.000000 78775.000000 
X2232A 0.000000 170834.000000 
X2232B 0.000000 143098.000000 
X2232D 1.000000 115967.000000 
X2377A 0.000000 181295.000000 
X2377B 1.000000 132129.000000 
X2377D 0.000000 120312.000000 
X2516A 0.000000 139031.000000 
X2516B 0.000000 142330.000000 
X2516D 1.000000 104726.000000 
X2571A 0.000000 185459.000000 
X2571 B 1.000000 145407.000000 
X2571 D 0.000000 127936.000000 
X2577A 0.000000 174992.000000 
X2577B 1.000000 142462.000000 
X25 77 D 0.000000 115103.000000 
X2812A 0.000000 169007.000000 
X2812B 1.000000 149277.000000 
X2812D 0.000000 120717.000000 
X3532A 0.000000 75187.000000 
X3532B 0.000000 65784.000000 
X3532D 1.000000 52220.000000 
X3553A 0.000000 59238.000000 
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X3553B 0.000000 
X3553D 1.000000 
X3677A 0.000000 
X3677B 1.000000 
X3677D 0.000000 
X3731A 0.000000 
X3731 B 0.000000 
X3731 D 1.000000 
X5137A 0.000000 
X5137B 0.000000 
X5137D 1.000000 
X6014A 1.000000 
X6014B 0.000000 
X6014D 0.000000 
X6432A 1.000000 
X6432B 0.000000 
X6432D 0.000000 
X6437A 1.000000 
X6437B 0.000000 
X6437D 0.000000 
X7251A 0.000000 
X7251 B 0.000000 
X7251 D 1.000000 
X9077A 1.000000 
X9077B 0.000000 
X9077D 0.000000 
X9233A 1.000000 
X9233B 0.000000 
X9233D 0.000000 
Y1. 
-2A 
1.000000 
YI 1_1 A 0.000000 
Y1_2B 0.000000 
Y 11_1B 0.000000 
Y1-2D 0.000000 
Y11_lD 0.000000 
Y2_3A 1.000000 
Y2_3B 1.000000 
Y2 3D 1.000000 
Y3_4A 0.000000 
Y3_4B 0.000000 
Y3-4D 0.000000 
Y4_5A 0.000000 
Y4_5B 1.000000 
Y4_5D 0.000000 
Y5_6A 0.000000 
Y5_6B 0.000000 
Y5_6D 0.000000 
Y6_7A 0.000000 
Y6_7B 0.000000 
Y6_7D 0.000000 
Y7-8A 0.000000 
Y7_8B 0.000000 
Y7_8D 0.000000 
Y8_9A 0.000000 
Y8_9B 0.000000 
Y8_9D 0.000000 
Y9- 10A 0.000000 
Y9_ 10B 0.000000 
Y9_10D 0.000000 
Y 10_11 A 0.000000 
62507.000000 
45093.000000 
68502.000000 
68588.000000 
49336.000000 
68407.000000 
68596.000000 
50530.000000 
144325.000000 
145422.000000 
107331.000000 
34845.000000 
36460.000000 
26155.000000 
36029.000000 
36465.000000 
26405.000000 
36311.000000 
37840.000000 
27002.000000 
22791.000000 
23107.000000 
15185.000000 
134711.000000 
142477.000000 
106173.000000 
83640.000000 
88155.000000 
66359.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
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Y10-11B 0.000000 0.000000 
Y10-11D 0.000000 0.000000 
NO. ITERATIONS= 140 
BRANCHES= 0 DETERM. = 1.000E 0 
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5.3 Neural network program 
" Script m-file: 
tspan=0.0: 0.000 1: 0.0 1; 
xO=zeros(135,1); % initial values=0.0 
xO=ones(135,1)/2; % initial values=0.5 
% xO=ones(135,1); % initial values=1.0 
t0=cputime; 
[t, x]=ode23('smbinO', tspan, x0); 
cputime-tO 
save filename. txt tx tO -ascii; 
" Function m-file: FILE NAME=smbinl. m, smbinl. m, smbinl. m 
function x=smbin0(t, x); 
u=2.0; 
kl =1000000; k2=1000000; k3=1000000; k4=1000000; k5=1000000; k6=1000000; 
% 
%subject to 
%schedule balance %node 1: 
sbI=-x(61)-(x(70) +2*x(71))+x(13)+x(58)+(x(130) +2*x(131)) ; 
sb2=-x(62)-(x(72) +2*x(73))+x(14)+x(59)+(x(132) +2*x(133)) ; 
sb3=-x(63)-(x(74) +2*x(75))+x(15)+x(60)+(x(134) +2*x(135)) ; 
%node 2: 
sb4=-x(1) -(x(76) +2*x(77))+x(25)+x(43)+x(64)+(x(70) +2*x(71)) ; 
sb5=-x(2) -(x(78) +2*x(79))+x(26)+x(44)+x(65)+(x(72) +2*x(73)) ; 
sb6=-x(3) -(x(80) +2*x(81))+x(27)+x(45)+x(66)+(x(74) +2*x(75)) ; 
%node 3: 
sb7=-x(46) -x(7)-x(28)-x(55) -(x(82)+2*x(83)) +x(61) +(x(76)+2*x(77)) ; 
sb8=-x(47) -x(8)-x(29)-x(56) -(x(84)+2*x(85)) +x(62) +(x(78)+2*x(79)) ; 
sb9=-x(48) -x(9)-x(30)-x(57) -(x(86)+2*x(87)) +x(63) +(x(80)+2*x(81)) ; 
%node 4: 
sbI0=-x(19)-x(34)-(x(88)+2*x(89))+x(22)+x(31)+x(49) +(x(82)+2*x(83)) ; 
sb 11=-x(20)-x(35) -(x(90)+2*x(91))+x(23)+x(32)+x(50) +(x(84)+2*x(85)) ; 
sb12=-x(21)-x(36) -(x(92)+2*x(93))+x(24)+x(33)+x(51) +(x(86)+2*x(87)) ; 
%node 5: 
sb13=-x(37) -x(10) -(x(94) +2*x(95)) +x(46) +(x(88) +2*x(89)) ; 
sb14=-x(38) -x(11) -(x(96) +2*x(97)) +x(47) +(x(90) +2*x(9 1)) ; 
sb 15=-x(39) -x(12) -(x(98) +2*x(99)) +x(48) +(x(92) +2*x(93)) ; 
%node 6: 
sb 16=-x(67) -(x(100) +2*x(101)) +x(55) +(x(94) +2*x(95)) ; 
sb 17=-x(68) -(x(102) +2*x(103)) +x(56) +(x(96) +2*x(97)) ; 
sb 18=-x(69) -(x(104) +2*x(105)) +x(57) +(x(98) +2*x(99)) ; 
%node 7: 
sb l9=-x(16) -x(4) -(x(106) +2*x(107)) +x(1)+x(7) +(x(100) +2*x(101)) ; 
sb20=-x(17) -x(5) -(x(108) +2*x(109)) +x(2)+x(8) +(x(102) +2*x(103)) ; 
sb2l=-x(18) -x(6) -(x(110) +2*x(111)) +x(3)+x(9) +(x(104) +2*x(105)) ; 
%node 8: 
sb22=-x(40) -x(22) -(x(112)+2*x(113))+x(37)+x(28) +(x(106)+2*x(107)) ; 
sb23=-x(41) -x(23) -(x(114)+2*x(115))+x(38)+x(29) +(x(108)+2*x(109)) ; 
sb24=-x(42) -x(24) -(x(l 16)+2*x(117))+x(39)+x(30) +(x(110)+2*x(111)) ; 
%node 9: 
sb25=-x(52) -(x((18) +2*x(119)) +x(67) +(x(112) +2*x(113)) ; 
sb26=-x(53) -(x(120) +2*x(121)) +x(68) +(x(114) +2*x(115)) ; 
sb27=-x(54) -(x(122) +2*x(123)) +x(69) +(x(116) +2*x(117)) ; 
Tonode 10: 
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sb28=-x(31) -x(43) -(x(124)+2*x(125))+x(10)+x(34)+(x(118)+2*x(119)) ; 
sb29=-x(32) -x(44) -(x(126)+2*x(127))+x(11)+x(35) +(x(120)+2*x(121)) ; 
sb30=-x(33) -x(45) -(x(128)+2*x(129))+x(12)+x(36) +(x(122)+2*x(123)) ; 
%node 11: 
sb31=-x(13)-x(49)-x(25)-x(64)-x(58)-(x(130)+2*x(131))+x(40)+x(16)+x(19)+x(4)+x(52) 
+(x(124)+2*x(125)) ; 
sb32=-x(14)-x(50)-x(26)-x(65)-x(59)-(x(132)+2*x(133))+x(41)+x(17)+x(20)+x(5)+x(53) 
+(x(126)+2*x(127)) ; 
sb33=-x(15)-x(51)-x(27)-x(66)-x(60)-(x(134)+2*x(135))+x(42)+x(18)+x(21)+x(6)+x(54) 
+(x(128)+2*x(129)) ; 
%flight coverage: 
fc1=x(1)+x(2)+x(3)- 1; 
fc2=x(4) + x(5) + x(6) -1; 
fc3=x(7) + x(8) + x(9) -1; 
fc4=x(10) + x(11) + x(12) -1; 
fc5=x(13) + x(14) + x(15) -1; 
fc6=x(16)+x(17)+x(18)- 1; 
fc7=x(19) + x(20) + x(21) -1; 
fc8=x(22) + x(23) + x(24) -1; 
fc9=x(25) + x(26) + x(27) -1; 
fc 10=x(28) + x(29) + x(30) -1 ; 
fc 11=x(31) + x(32) + x(33) -1; 
fc 12=x(34) + x(35) + x(36) -1; 
fc 13=x(37) + x(38) + x(39) -1; 
fc 14=x(40) + x(41) + x(42) -1; 
fc 15=x(43) + x(44) + x(45) -1; 
fcl6=x(46) + x(47) + x(48) -1; 
fc 17=x(49) + x(50) + x(51) -1; 
fc 18=x(52) + x(53) + x(54) -1; 
fcl9=x(55) + x(56) + x(57) -1 ; 
fc20=x(58) + x(59) + x(60) -1 ; 
fc21=x(61) + x(62) + x(63) -1; 
fc22=x(64) + x(65) + x(66) -1; 
fc23=x(67) + x(68) + x(69) -1; 
%required through: 
rtl=x(1) - x(4) ; 
rt2=x(2) - x(5) 
rt3=x(3) - x(6) ; 
rt4=x(55) - x(58) ; 
rt5=x(56) - x(59) ; 
rt6=x(57) - x(60) ; 
%fleet size: 
ac1=x(49)+x(22)+x(31)+x(25)+x(43)+x(13)+x(58)+x(64)+(x(130)+2*x(131))-2 ; 
ac2=x(50)+x(23)+x(32)+x(26)+x(44)+x(14)+x(59)+x(65)+(x(132)+2*x(133))-3 ; 
ac3=x(51)+x(24)+x(33)+x(27)+x(45)+x(15)+x(60)+x(66)+(x(134)+2*x(135))-3 ; 
x(1)=-u*(101084 +kI*(-sb4+sb19) +k2*fc1 +k3*rtl +k5*bin(x(1))); 
x(2)=-u*(107302 +k l *(-sb5+sb20) +k2*fcl +k3*rt2 +k5*bin(x(2))); 
x(3)=-u*(78964 +k l*(-sb6+sb21) +k2*fcl +k3*rt3 +k5*bin(x(3))); 
x(4)=-u*(101079 +k 1 *(-sb 19+sb31) +k2*fc2 +k3*(-rt 1) +k5*bin(x(4))); 
x(5)=-u*(107302 +k 1 *(-sb20+sb32) +k2*fc2 +k3*(-rt2) +k5*bin(x(5))); 
x(6)- u*(78963 +k l*(-sb21+sb33) +k2*fc2 +k3*(-rt3) +k5*bin(x(6))); 
x(7)=-u*(107168 +k I *(-sb7+sb 19) +k2*fc3 +k5 *bin(x(7))); 
x(8)= u*(104783 +k1*(-sb8+sb20) +k2*fc3 +k5*bin(x(8))); 
x(9) =-u*(77621 +k1*(-sb9+sb21) +k2*fc3 +k5*bin(x(9))); 
x(10)=-u*(124853 +k I *(-sb 13+sb28) +k2*fc4 +1c5 *bin(x(10))); 
x(11)=-u*( I04934 +1(1 *(-sb I4+sb29) +k2*fc4 +k5 *bin(x(11))); 
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x(12) =-u*(84012 +kl*(-sbl5+sb30) +k2*fc4 +k5*bin(x(12))); 
x(13)=-u*(116832 +kl*(-sb3l+sbl) +k2*fc5 +k4*ac1 +k5*bin(x(13))); 
x(14)=-u*(105233 +kl*(-sb32+sb2) +k2*fc5 +k4*ac2 +k5*bin(x(14))); 
x(15) =-u*(83186 +k l *(-sb33+sb3) +k2*fc5 +k4*ac3 +k5*bin(x(15))); 
x(16)=-u*(104604 +kl *(-sb 19+sb31) +k2*fc6 +k5 *bin(x(16))); 
x(17)=-u*(104965 +kl*(-sb20+sb32) +k2*fc6 +k5*bin(x(17))); 
x(18) =-u*(78775 +kl*(-sb21+sb33)+k2*fc6 +k5*bin(x(18))); 
x(19)=-u*(170834 +k l *(-sb 10+sb31) +k2*fc7 +k5 *bin(x(19))); 
x(20)=-u*(143098 +kl*(-sbl l+sb32) +k2*fc7 +k5*bin(x(20))); 
x(21)=-u*(115967 +kl*(-sbl2+sb33) +k2*fc7 +k5*bin(x(21))); 
x(22)=-u*(181295 +kl*(-sb22+sb10) +k2*fc8 +k4*acl +k5*bin(x(22))); 
x(23)=-u*(132129 +kl*(-sb23+sb11) +k2*fc8 +k4*ac2 +k5*bin(x(23))); 
x(24)=-u*(120312 +kl*(-sb24+sbl2) +k2*fc8 +k4*ac3 +k5*bin(x(24))); 
x(25)=-u*(139031 +kl*(-sb31+sb4) +k2*fc9 +k4*acl +k5*bin(x(25))); 
x(26)=-u*(142330 +kl*(-sb32+sb5) +k2*fc9 +k4*ac2 +k5*bin(x(26))); 
x(27)=-u*(104726 +k 1 *(-sb33+sb6) +k2*fc9 +k4*ac3 +k5 *bin(x(27))); 
x(28)=-u*(185459 +k 1 *(-sb7+sb22) +k2*fc 10 +k5 *bin(x(28))); 
x(29)=-u*(145407 +kl *(-sbb+sb23) +k2*fc 10 +k5 *bin(x(29))); 
x(30)=-u*(127936 +k 1 *(-sb9+sb24) +k2*fc 10 +k5 *bin(x(30))); 
x(31)=-u*(174992 +k1*(-sb28+sb10) +k2*fc11 +k4*acl +k5*bin(x(31))); 
x(32)=-u*(142462 +kl*(-sb29+sb11) +k2*fcl l +k4*ac2 +k5*bin(x(32))); 
x(33)=-u*(115103 +kl*(-sb30+sbl2) +k2*fcl l +k4*ac3 +k5*bin(x(33))); 
x(34)=-u*(169007 +kl*(-sbl0+sb28) +k2*fc12 +k5*bin(x(34))); 
x(35)=-u*(149277 +kl *(-sb l l+sb29) +k2*fc 12 +k5 *bin(x(35))); 
x(36)=-u*(120717 Al *(-sb 12+sb30) +k2*fc 12 +k5*bin(x(36))); 
x(37)=-u*(75187 +kl*(-sbl3+sb22) +k2*fc13 +k5*bin(x(37))); 
x(38)=-u*(65784 +kl*(-sbl4+sb23) +k2*fc13 +k5*bin(x(38))); 
x(39)=-u*(52220 Al *(-sb 15+sb24) +k2*fc 13 +k5 *bin(x(39))); 
x(40)=-u*(59238 +kl*(-sb22+sb31) +k2*fc14 +k5*bin(x(40))); 
x(41)=-u*(62507 Al *(-sb23+sb32) +k2*fc 14 +k5 *bin(x(4 1))); 
x(42)=-u*(45093 +kl*(-sb24+sb33) +k2*fc14 +k5*bin(x(42))); 
x(43)=-u*(68502 +kl *(-sb28+sb4) +k2*fc 15 +k4*ac 1 +k5 *bin(x(43))); 
x(44)=-u*(68588 +kl*(-sb29+sb5) +k2*fc15 +k4*ac2 +k5*bin(x(44))); 
x(45)=-u*(49336 +kl*(-sb30+sb6) +k2*fc15 +k4*ac3 +k5*bin(x(45))); 
x(46)=-u*(68407 +kl*(-sb7+sb13) +k2*fc 16 +k5*bin(x(46))); 
x(47)=-u*(68596 +kl*(-sb8+sb14) +k2*fc16 +k5*bin(x(47))); 
x(48)=-u*(50530 +k 1 *(-sb9+sb 15) +k2*fcl6 +k5*bin(x(48))); 
x(49)=-u*(144325 +kl *(-sb3 l+sb 10) +k2*fc 17 +k4*ac 1 +k5 *bin(x(49))); 
x(50)=-u*(145422 +kl *(-sb32+sb 11) +k2*fc l7 +k4*ac2 +k5*bin(x(50))); 
x(51)=-u*(107331 +kl*(-sb33+sb12) +k2*fc17 +k4*ac3 +k5*bin(x(51))); 
x(52)=-u*(34845 +k 1 *(-sb25+sb31) +k2*fc 18 +k5*bin(x(52))); 
x(53)=-u*(36460 +k 1 *(-sb26+sb32) +k2*fc 18 +k5 *bin(x(53))); 
x(54)=-u*(26155 +k1*(-sb27+sb33) +k2*fc18 +k5*bin(x(54))); 
x(55)=-u*(36029 +kl*(-sb7+sb16) +k2*fc19 +k3*rt4 +k5*bin(x(55))); 
x(56)=-u*(36465 +k1*(-sb8+sb17) +k2*fc19 +k3*rt5 +k5*bin(x(56))); 
x(57)=-u*(26405 +kl*(-sb9+sb18) +k2*fc19 +k3*rt6 +k5*bin(x(57))); 
x(58)=-u*(36311 +kl*(-sb31+sb1)+k2*fc20+k3*(-rt4)+k4*acl +k5*bin(x(58))); 
x(59)=-u*(37840 +kl *(-sb32+sb2)+k2*fc20+k3*(-rt5)+k4*ac2 +k5 *bin(x(59))); 
x(60)=-u*(27002 +kl *(-sb33+sb3)+k2*fc20+k3*(-rt6)+k4*ac3 +k5 *bin(x(60))); 
x(61)=-u*(22791 +kl*(-sbl+sb7) +k2*fc21 +k5*bin(x(61))); 
x(62)=-u*(23107 +kl*(-sb2+sb8) +k2*fc21 +k5*bin(x(62))); 
x(63)=-u*(15185 +kl*(-sb3+sb9) +k2*fc21 +k5*bin(x(63))); 
x(64)=-u*(134711 +kl*(-sb31+sb4) +k2*fc22 +k4*ac1 +k5*bin(x(64))); 
x(65)=-u*(142477 +kl*(-sb32+sb5) +k2*fc22 +k4*ac2 +k5*bin(x(65))); 
x(66)=-u*(106173 +k1*(-sb33+sb6) +k2*fc22 +k4*ac3 +k5*bin(x(66))); 
x(67)=-u*(83640 +kl*(-sbl6+sb25) +k2*fc23 +k5*bin(x(67))); 
x(68)=-u*(88155 +kl*(-sbl7+sb26) +k2*fc23 +k5*bin(x(68))); 
x(69)=-u*(66359 +kl*(-sbl8+sb27) +k2*fc23 +k5*bin(x(69))); 
for i=0: 10; 
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int(1+3 *i)= min(0,2-x(70+6*i)-2*x(71+6*i)); 
int(2+3*i)= min(O, 3-x(72+6*i)-2*x(73+6*i)); 
int(3+3*i)= min(0,3-x(74+6*i)-2*x(75+6*i)); 
end 
x(70)-u*(k l *(-sb 1+sb4) +k5*bin(x(70)) -k6*int(1)); 
x(7 1)=-u*(kl *(-2*sb 1+2*sb4) +k5*bin(x(71)) -2*k6*int(1)); 
x(72)=-u*(kl*(-sb2+sb5) +k5*bin(x(72)) -k6*int(2)); 
x(73)=-u*(kI *(-2*sb2+2*sb5) +k5*bin(x(73)) -2*k6*int(2)); 
x(74)=-u*(k1*(-sb3+sb6) +k5*bin(x(74)) -k6*int(3)); 
x(75)=-u*(kl*(-2*sb3+2*sb6) +k5*bin(x(75)) -2*k6*int(3)); 
x(76)=-u*(kl *(-sb4+sb7) +k5*bin(x(76)) -k6*int(4)); 
x(77)=-u*(kl *(-2*sb4+2*sb7) +k5*bin(x(77)) -2*k6*int(4)); 
x(78)=-u*(kl *(-sb5+sb8) +k5*bin(x(78)) -k6*int(5)); 
x(79)=-u*(kl *(-2*sb5+2*sb8) +k5*bin(x(79)) -2*k6*int(5)); 
x(80)=-u*(kl*(-sb6+sb9) +k5*bin(x(80)) -k6*int(6)); 
x(81)=-u*(kl *(-2*sb6+2*sb9) +k5*bin(x(81)) -2*k6*int(6)); 
x(82)=-u*(k l *(-sb7+sb 10) +k5 *bin(x(82)) -k6 *int(7)); 
x(83)=-u*(k l *(-2*sb7+2*sb 10) +k5*bin(x(83)) -2*k6*int(7)); 
x(84)=-u*(kl *(-sb8+sb11) +k5*bin(x(84)) -k6*int(8)); 
x(85)=-u*(kl *(-2*sb8+2*sb 11) +k5*bin(x(85)) -2*k6*int(8)); 
x(86)=-u*(kl*(-sb9+sb12) +k5*bin(x(86)) -k6*int(9)); 
x(87)=-u*(kl *(-2*sb9+2*sb 12) +k5*bin(x(87)) -2*k6*int(9)); 
x(88)=-u*(kl*(-sblO+sbl3) +k5*bin(x(88)) -k6*int(10)); 
x(89)=-u*(k l *(-2*sb 10+2*sb 13) +k5 *bi n(x(89)) -2*k6 *int(10)); 
x(90)=-u*(kl *(-sb 11+sb 14) +k5 *bin(x(90)) -k6*int(11)); 
x(9 1)=-u*(k 1 *(-2*sb l 1+2*sb l4) +k5 *bin(x(91)) -2 *k6*int(11)); 
x(92)=-u*(kl *(-sb 12+sb l5) +k5*bin(x(92)) -k6*int(12)); 
x(93)=-u*(kl*(-2*sbl2+2*sb15) +k5*bin(x(93)) -2*k6*int(12)); 
x(94)=-u*(k1*(-sb 13+sb16) +k5*bin(x(94)) -k6*int(13)); 
x(95)=-u*(kl *(-2*sb 13+2*sb 16) +k5 *bin(x(95)) -2*k6*int(13)); 
x(96)= u*(kl*(-sbl4+sb17) +k5*bin(x(96)) -k6*int(14)); 
x(97)=-u*(kl *(-2*sb 14+2*sb 17) +k5 *bin(x(97)) -2*k6*int(14)); 
x(98)=-u*(k I *(-sb 15+sbl 8) +k5*bin(x(98)) -k6*int(15)); 
x(99)=-u*(kl *(-2*sb 15+2*sb 18) +k5 *bin(x(99)) -2*k6*int(15)); 
x( 100)=-u*(k 1 *(-sbl6+sb 19) +k5 *bin(x(100)) -k6*int(16)); 
x(101)=-u*(kl *(-2*sbl6+2*sb19) +k5*bin(x(101)) -2*k6*int(16)); 
x( 102)=-u*(kl *(-sb 17+sb20) +k5 *bin(x(102)) -k6*int(17)); 
x( 103)=-u*(k l *(-2*sb 17+2*sb20) +k5 *bin(x(103)) -2*k6*int(17)); 
x(104)=-u*(kl *(-sbl8+sb21) +k5*bin(x(104)) -k6*int(18)); 
x(105)=-u*(kl*(-2*sb18+2*sb21) +k5*bin(x(105)) -2*k6*int(18)); 
x(I06)=-u*(k 1 *(-sb 19+sb22) +k5 *bin(x(106)) -k6*int(19)); 
x( 107)=-u*(k I *(-2*sb 19+2*sb22) +k5 *bin(x(107)) -2*k6*int(19)); 
x(108)=-u*(kl*(-sb20+sb23) +k5*bin(x(108)) -k6*int(20)); 
x(109)=-u*(kl *(-2*sb20+2*sb23) +k5*bin(x(109)) -2*k6*int(20)); 
x(110)=-u*(kl *(-sb21+sb24) +k5*bin(x(110)) -k6*int(21)); 
x(111)=-u*(kl *(-2*sb21+2*sb24) +k5*bin(x(111)) -2*k6*int(21)); 
x(112)=-u*(kl *(-sb22+sb25) +k5 *bin(x(112)) -k6*int(22)); 
x(113)=-u*(kl *(-2*sb22+2*sb25) +k5*bin(x(113)) -2*k6*int(22)); 
x(114)=-u*(kl*(-sb23+sb26) +k5*bin(x(114)) -k6*int(23)); 
x(115)=-u*(kl *(-2*sb23+2*sb26) +k5*bin(x(115)) -2*k6*int(23)); 
x(116)=-u*(kl*(-sb24+sb27) +k5*bin(x(116)) -k6*int(24)); 
x(117)=-u *(k l *(-2*sb24+2*sb27) +k5 *bin(x(117)) -2*k6*int(24)); 
x(118)=-u*(k1 *(-sb25+sb28) +k5*bin(x(118)) -k6*int(25)); 
x(119)=-u*(kl *(-2*sb25+2*sb28) +k5*bin(x(119)) -2*k6*int(25)); 
x( 120)=-u*(k l *(-sb26+sb29) +k5*bin(x(120)) -k6*int(26)); x(121)=-u*(kl *(-2*sb26+2*sb29) +k5*bin(x(121)) -2*k6*int(26)); 
x( 122)=-u*(k 1 *(-sb27+sb30) +k5 *bin(x(122)) -k6*int(27)); 
x( 123)=-u*(k 1 *(-2*sb27+2*sb30) +k5 *bin(x(123)) -2*k6*int(27)); 
x( 124)=-u*(k l *(-sb28+sb31) +k5*bin(x(124)) -k6*int(28)); 
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x(125)=-u*(k1 *(-2*sb28+2*sb31) +k5 *bin(x(125)) -2*k6*int(28)); 
x(126)=-u*(k1 *(-sb29+sb32) +k5 *bin(x(126)) -k6*int(29)); 
x(127)=-u*(k1 *(-2*sb29+2*sb32) +k5 *bin(x(127)) -2*k6*int(29)); 
x(128)=-u*(kl *(-sb30+sb33) +k5 *bin(x(128)) -k6*int(30)); 
x( 129)=-u*(k 1 *(-2*sb30+2*sb33) +k5 *bin(x(129)) -2*k6*int(30)); 
x(130)=-u*(kl*(-sb31+sb1) +k4*acl +k5*bin(x(130)) -k6*int(31)); 
x(131)=-u*(kl*(-2*sb31+2*sb1) +2*k4*acl +k5*bin(x(131)) -2*k6*int(31)); 
x(132)=-u*(k1*(-sb32+sb2) +k4*ac2 +k5*bin(x(132)) -k6*int(32)); 
x(133)=-u*(kl*(-2*sb32+2*sb2) +2*k4*ac2 +k5*bin(x(133)) -2*k6*int(32)); 
x(134)=-u*(k1*(-sb33+sb3) +k4*ac3 +k5*bin(x(134)) -k6*int(33)); 
x(135)=-u*(k1*(-2*sb33+2*sb3) +2*k4*ac3 +k5*bin(x(135)) -2*k6*int(33)); 
% 
function g=bin(v); 
g= v*(1-v)*(1-2 
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5.4 Neural network solution NN(0.0) 
t 0.0000 0.0001 0.0002 0.0003 
X1 0.000000 -0.022678 -0.022678 -0.022679 
x2 0.000000 -0.023377 -0.023377 -0.023377 
x3 0.000000 0.991099 0.991099 0.991099 
x4 0.000000 -0.013669 -0.013667 -0.013666 
x5 0.000000 -0.025988 -0.025986 -0.025984 
x6 0.000000 0.989212 0.989214 0.989215 
x7 0.000000 -0.010652 -0.010652 -0.010652 
x8 0.000000 -0.028998 -0.028999 -0.028999 
x9 0.000000 0.985828 0.985828 0.985827 
X10 0.000000 0.973321 0.973321 0.973321 
x11 0.000000 -0.017811 -0.017811 -0.017811 
x12 0.000000 -0.010400 -0.010401 -0.010401 
x13 0.000000 -0.018213 -0.018217 -0.018220 
x14 0.000000 -0.026688 -0.026692 -0.026695 
x15 0.000000 0.984238 0.984235 0.984231 
M6 0.000000 -0.009281 -0.009279 -0.009278 
x17 0.000000 -0.026903 -0.026901 -0.026899 
x18 0.000000 0.986530 0.986532 0.986533 
x19 0.000000 -0.032525 -0.032523 -0.032522 
x20 0.000000 0.972165 0.972167 0.972169 
x21 0.000000 -0.015231 -0.015229 -0.015227 
x22 0.000000 -0.058356 -0.058358 -0.058359 
x23 0.000000 0.995729 0.995727 0.995725 
x24 0.000000 -0.015321 -0.015323 -0.015324 
x25 0.000000 -0.045399 -0.045402 -0.045404 
x26 0.000000 -0.032873 -0.032876 -0.032878 
x27 0.000000 0.989069 0.989066 0.989063 
x28 0.000000 -0.039354 -0.039354 -0.039354 
x29 0.000000 0.969709 0.969709 0.969708 
x30 0.000000 -0.021442 -0.021442 -0.021442 
x31 0.000000 0.916218 0.916217 0.916216 
x32 0.000000 -0.009607 -0.009608 -0.009609 
x33 0.000000 -0.001879 -0.001881 -0.001882 
x34 0.000000 -0.038862 -0.038861 -0.038861 
x35 0.000000 0.968542 0.968542 0.968543 
x36 0.000000 -0.014662 -0.014662 -0.014662 
x37 0.000000 -0.013572 -0.013572 -0.013572 
x38 0.000000 -0.012471 -0.012471 -0.012471 
x39 0.000000 0.991816 0.991816 0.991816 
x40 0.000000 0.002603 0.002605 0.002606 
x41 0.000000 -0.018315 -0.018313 -0.018312 
x42 0.000000 0.991402 0.991404 0.991405 
x43 0.000000 -0.016471 -0.016472 -0.016473 
x44 0.000000 0.988348 0.988347 0.988346 
x45 0.000000 -0.006067 -0.006068 -0.006069 
x46 0.000000 -0.007158 -0.007158 -0.007158 
x47 0.000000 -0.021415 -0.021415 -0.021415 
x48 0.000000 0.990898 0.990897 0.990897 
x49 0.000000 -0.051801 -0.051804 -0.051807 
x50 0.000000 0.970438 0.970435 0.970432 
x51 0.000000 -0.005968 -0.005971 -0.005974 
x52 0.000000 1.004970 1.004972 1.004973 
x53 0.000000 -0.011164 -0.011162 -0.011161 
x54 0.000000 -0.005614 -0.005612 -0.005611 
x55 0.000000 1.008448 1.008448 1.008448 
x56 0.000000 -0.011618 -0.011618 -0.011619 
x57 0.000000 -0.008183 -0.008183 -0.008183 
x58 0.000000 1.009605 1.009601 1.009598 
x59 0.000000 -0.011475 -0.011479 -0.011482 
x60 0.000000 -0.008531 -0.008535 -0.008538 
x61 0.000000 -0.055639 -0.055638 -0.055637 
x62 0.000000 0.015229 0.015230 0.015231 
x63 0.000000 1.014520 1.014521 1.014522 
x64 0.000000 -0.042374 -0.042377 -0.042379 
x65 0.000000 -0.033379 -0.033382 -0.033384 
x66 0.000000 0.987013 0.987010 0.987007 
x67 0.000000 0.988170 0.988170 0.988170 
x68 0.000000 -0.022367 -0.022367 -0.022367 
0.0004 0.0005 0.0006 0.0007 0.0008 0.0009 
-0.022679 -0.022679 -0.022678 -0.022678 -0.022678 -0.022678 
-0.023377 -0.023377 -0.023377 -0.023377 -0.023377 -0.023377 
0.991099 0.991099 0.991099 0.991099 0.991099 0.991099 
-0.013665 -0.013666 -0.013668 -0.013670 -0.013671 -0.013671 
-0.025984 -0.025985 -0.025987 -0.025989 -0.025990 -0.025989 
0.989216 0.989215 0.989213 0.989211 0.989210 0.989210 
-0.010653 -0.010652 -0.010652 -0.010652 -0.010651 -0.010651 
-0.028999 -0.028999 -0.028999 -0.028998 -0.028998 -0.028998 
0.985827 0.985828 0.985828 0.985828 0.985829 0.985829 
0.973321 0.973321 0.973321 0.973321 0.973321 0.973321 
-0.017811 -0.017811 -0.017811 -0.017811 -0.017810 -0.017811 
-0.010401 -0.010401 -0.010401 -0.010400 -0.010400 -0.010400 
-0.018221 -0.018219 -0.018215 -0.018212 -0.018210 -0.018210 
-0.026696 -0.026694 -0.026691 -0.026687 -0.026685 -0.026685 
0.984230 0.984232 0.984236 0.984240 0.984242 0.984242 
-0.009277 -0.009278 -0.009280 -0.009281 -0.009282 -0.009282 
-0.026899 -0.026900 -0.026902 -0.026903 -0.026905 -0.026904 
0.986534 0.986533 0.986531 0.986529 0.986528 0.986528 
-0.032521 -0.032522 -0.032524 -0.032526 -0.032527 -0.032527 
0.972169 0.972168 0.972166 0.972164 0.972163 0.972163 
-0.015226 -0.015227 -0.015229 -0.015231 -0.015233 -0.015232 
-0.058360 -0.058359 -0.058357 -0.058356 -0.058355 -0.058355 
0.995725 0.995726 0.995728 0.995729 0.995730 0.995730 
-0.015325 -0.015324 -0.015322 -0.015320 -0.015319 -0.015320 
-0.045405 -0.045404 -0.045401 -0.045398 -0.045396 -0.045397 
-0.032879 -0.032878 -0.032875 -0.032872 -0.032870 -0.032870 
0.989062 0.989064 0.989067 0.989070 0.989072 0.989071 
-0.039354 -0.039354 -0.039354 -0.039354 -0.039354 -0.039354 
0.969708 0.969708 0.969709 0.969709 0.969709 0.969709 
-0.021442 -0.021442 -0.021442 -0.021441 -0.021441 -0.021441 
0.916215 0.916216 0.916217 0.916218 0.916219 0.916219 
-0.009610 -0.009609 -0.009608 -0.009606 -0.009605 -0.009605 
-0.001882 -0.001882 -0.001880 -0.001879 -0.001878 -0.001878 
-0.038861 -0.038861 -0.038862 -0.038862 -0.038862 -0.038862 
0.968543 0.968542 0.968542 0.968542 0.968542 0.968542 
-0.014662 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 
-0.013572 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 
-0.012471 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 
0.991816 0.991816 0.991816 0.991816 0.991816 0.991816 
0.002606 0.002605 0.002604 0.002603 0.002602 0.002602 
-0.018312 -0.018313 -0.018314 -0.018316 -0.018317 -0.018316 
0.991406 0.991405 0.991403 0.991402 0.991401 0.991401 
-0.016474 -0.016473 -0.016472 -0.016471 -0.016470 -0.016470 
0.988345 0.988346 0.988347 0.988348 0.988349 0.988349 
-0.006069 -0.006069 -0.006068 -0.006066 -0.006066 -0.006066 
-0.007158 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 
-0.021415 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 
0.990897 0.990897 0.990898 0.990898 0.990898 0.990898 
-0.051807 -0.051806 -0.051803 -0.051800 -0.051798 -0.051798 
0.970431 0.970433 0.970436 0.970439 0.970441 0.970441 
-0.005975 -0.005973 -0.005970 -0.005967 -0.005965 -0.005965 
1.004973 1.004973 1.004971 1.004969 1.004969 1.004969 
-0.011161 -0.011161 -0.011163 -0.011165 -0.011166 -0.011166 
-0.005610 -0.005611 -0.005613 -0.005614 -0.005615 -0.005615 
1.008448 1.008448 1.008448 1.008448 1.008448 1.008448 
-0.011619 -0.011619 -0.011618 -0.011618 -0.011618 -0.011618 
-0.008183 -0.008183 -0.008183 -0.008183 -0.008183 -0.008183 
1.009597 1.009599 1.009603 1.009606 1.009609 1.009608 
-0.011483 -0.011481 -0.011477 -0.011474 -0.011471 -0.011472 
-0.008540 -0.008537 -0.008534 -0.008530 -0.008527 -0.008528 
-0.055636 -0.055637 -0.055638 -0.055639 -0.055640 -0.055640 
0.015231 0.015230 0.015229 0.015228 0.015228 0.015228 
1.014523 1.014522 1.014521 1.014520 1.014519 1.014519 
-0.042380 -0.042378 -0.042376 -0.042373 -0.042371 -0.042371 
-0.033385 -0.033384 -0.033381 -0.033378 -0.033376 -0.033376 
0.987007 0.987008 0.987011 0.987014 0.987016 0.987016 
0.988170 0.988170 0.988170 0.988171 0.988171 0.988171 
-0.022367 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 
213 
Appendices 
t 0.0000 0.0001 0.0002 0.0003 0.0004 0.0005 0.0006 0.0007 0.0008 0.0009 
x69 0.000000 -0.010534 -0.010534 -0.010535 -0.010535 -0.010535 -0.010534 -0.010534 -0.010534 -0.010534 
x70 0.000000 -0.035105 -0.035105 -0.035104 -0.035104 -0.035104 -0.035105 -0.035105 -0.035106 -0.035106 
x71 0.000000 0.678182 0.678183 0.678184 0.678184 0.678184 0.678183 0.678181 0.678181 0.678181 
x72 0.000000 0.001241 0.001241 0.001242 0.001242 0.001242 0.001241 0.001240 0.001240 0.001240 
x73 0.000000 0.002491 0.002492 0.002493 0.002494 0.002493 0.002492 0.002490 0.002489 0.002490 
x74 0.000000 -0.002530 -0.002530 -0.002529 -0.002529 -0.002529 -0.002530 -0.002531 -0.002531 -0.002531 
x75 0.000000 -0.005023 -0.005022 -0.005021 -0.005020 -0.005021 -0.005023 -0.005024 -0.005025 -0.005025 
x76 0.000000 -0.027216 -0.027215 -0.027215 -0.027215 -0.027215 -0.027216 -0.027216 -0.027216 -0.027216 
x77 0.000000 0.625893 0.625893 0.625894 0.625894 0.625894 0.625893 0.625892 0.625892 0.625892 
x78 0.000000 0.010875 0.010875 0.010876 0.010876 0.010875 0.010875 0.010875 0.010875 0.010875 
x79 0.000000 0.457603 0.457604 0.457604 0.457605 0.457604 0.457604 0.457603 0.457603 0.457603 
x80 0.000000 0.007158 0.007159 0.007159 0.007159 0.007159 0.007159 0.007158 0.007158 0.007158 
x81 0.000000 0.471888 0.471889 0.471890 0.471890 0.471889 0.471889 0.471888 0.471888 0.471888 
x82 0.000000 0.031132 0.031131 0.031131 0.031131 0.031131 0.031131 0.031132 0.031132 0.031132 
x83 0.000000 0.070960 0.070959 0.070958 0.070958 0.070959 0.070960 0.070961 0.070961 0.070961 
x84 0.000000 0.003676 0.003675 0.003675 0.003675 0.003675 0.003676 0.003676 0.003677 0.003677 
x85 0.000000 0.007436 0.007435 0.007434 0.007434 0.007434 0.007435 0.007437 0.007437 0.007437 
x86 0.000000 0.001983 0.001982 0.001982 0.001982 0.001982 0.001983 0.001983 0.001983 0.001983 
x87 0.000000 0.003990 0.003989 0.003988 0.003987 0.003988 0.003989 0.003990 0.003991 0.003991 
x88 0.000000 -0.004796 -0.004795 -0.004795 -0.004795 -0.004795 -0.004795 -0.004796 -0.004796 -0.004796 
x89 0.000000 0.519488 0.519489 0.519489 0.519490 0.519489 0.519488 0.519487 0.519487 0.519487 
x90 0.000000 0.004536 0.004537 0.004537 0.004537 0.004537 0.004537 0.004536 0.004536 0.004536 
x91 0.000000 0.009202 0.009203 0.009204 0.009204 0.009204 0.009203 0.009202 0.009201 0.009201 
x92 0.000000 0.002041 0.002041 0.002042 0.002042 0.002042 0.002041 0.002041 0.002040 0.002040 
x93 0.000000 0.004107 0.004108 0.004109 0.004109 0.004109 0.004108 0.004107 0.004106 0.004106 
x94 0.000000 0.009005 0.009005 0.009005 0.009005 0.009005 0.009005 0.009005 0.009005 0.009005 
x95 0.000000 0.018546 0.018546 0.018545 0.018545 0.018545 0.018546 0.018546 0.018546 0.018546 
x96 0.000000 0.004905 0.004905 0.004905 0.004905 0.004905 0.004905 0.004905 0.004905 0.004905 
x97 0.000000 0.009963 0.009962 0.009962 0.009962 0.009962 0.009963 0.009963 0.009963 0.009963 
x98 0.000000 0.003046 0.003046 0.003045 0.003045 0.003046 0.003046 0.003046 0.003046 0.003046 
x99 0.000000 0.006149 0.006149 0.006148 0.006148 0.006148 0.006149 0.006149 0.006149 0.006149 
X100 0.000000 0.010496 0.010496 0.010496 0.010495 0.010496 0.010496 0.010496 0.010496 0.010496 
X101 0.000000 0.021732 0.021731 0.021731 0.021731 0.021731 0.021731 0.021732 0.021732 0.021732 
x102 0.000000 0.006576 0.006576 0.006575 0.006575 0.006575 0.006576 0.006576 0.006576 0.006576 
x103 0.000000 0.013429 0.013429 0.013429 0.013429 0.013429 0.013429 0.013430 0.013430 0.013430 
x104 0.000000 0.003237 0.003237 0.003237 0.003237 0.003237 0.003237 0.003238 0.003238 0.003238 
x105 0.000000 0.006540 0.006539 0.006539 0.006539 0.006539 0.006540 0.006540 0.006540 0.006540 
x106 0.000000 0.008094 0.008095 0.008095 0.008095 0.008095 0.008095 0.008094 0.008094 0.008094 
x107 0.000000 0.016617 0.016617 0.016618 0.016618 0.016618 0.016617 0.016617 0.016617 0.016617 
x108 0.000000 0.007503 0.007504 0.007504 0.007504 0.007504 0.007503 0.007503 0.007503 0.007503 
x109 0.000000 0.015372 0.015373 0.015373 0.015373 0.015373 0.015373 0.015372 0.015372 0.015372 
X110 0.000000 0.003829 0.003829 0.003829 0.003829 0.003829 0.003829 0.003829 0.003829 0.003829 
X111 0.000000 0.007749 0.007750 0.007750 0.007750 0.007750 0.007750 0.007749 0.007749 0.007749 
x112 0.000000 0.009711 0.009710 0.009710 0.009710 0.009710 0.009710 0.009711 0.009711 0.009711 
x113 0.000000 0.020049 0.020048 0.020048 0.020048 0.020048 0.020049 0.020049 0.020049 0.020049 
x114 0.000000 0.005855 0.005854 0.005854 0.005854 0.005854 0.005855 0.005855 0.005855 0.005855 
X115 0.000000 0.011928 0.011928 0.011927 0.011927 0.011927 0.011928 0.011928 0.011928 0.011928 
W6 0.000000 0.003811 0.003811 0.003811 0.003811 0.003811 0.003811 0.003811 0.003811 0.003811 
x117 0.000000 0.007712 0.007712 0.007712 0.007712 0.007712 0.007712 0.007712 0.007712 0.007712 
x118 0.000000 0.009384 0.009384 0.009384 0.009384 0.009384 0.009384 0.009384 0.009384 0.009384 
x119 0.000000 0.019352 0.019352 0.019352 0.019352 0.019352 0.019352 0.019352 0.019353 0.019353 
x120 0.000000 0.007051 0.007051 0.007050 0.007050 0.007050 0.007051 0.007051 0.007051 0.007051 
x121 0.000000 0.014422 0.014422 0.014422 0.014422 0.014422 0.014422 0.014423 0.014423 0.014423 
x122 0.000000 0.004684 0.004683 0.004683 0.004683 0.004683 0.004684 0.004684 0.004684 0.004684 
x123 0.000000 0.009505 0.009505 0.009505 0.009505 0.009505 0.009505 0.009505 0.009506 0.009506 
x124 0.000000 0.020166 0.020168 0.020169 0.020170 0.020169 0.020167 0.020166 0.020165 0.020165 
x125 0.000000 0.043417 0.043420 0.043423 0.043424 0.043422 0.043419 0.043416 0.043414 0.043415 
x126 0.000000 0.006332 0.006334 0.006335 0.006335 0.006334 0.006333 0.006331 0.006330 0.006330 
x127 0.000000 0.012921 0.012924 0.012927 0.012928 0.012926 0.012923 0.012919 0.012917 0.012918 
x128 0.000000 0.004073 0.004075 0.004076 0.004077 0.004076 0.004074 0.004072 0.004071 0.004072 
x129 0.000000 0.008250 0.008253 0.008256 0.008257 0.008255 0.008252 0.008249 0.008247 0.008247 
x130 0.000000 0.042112 0.042109 0.042106 0.042105 0.042107 0.042110 0.042113 0.042115 0.042115 
x131 0.000000 0.104181 0.104175 0.104169 0.104168 0.104171 0.104177 0.104183 0.104187 0.104186 
x132 0.000000 0.016508 0.016505 0.016502 0.016501 0.016503 0.016506 0.016509 0.016512 0.016511 
x133 0.000000 0.034985 0.034978 0.034972 0.034970 0.034974 0.034981 0.034988 0.034992 0.034991 
x134 0.000000 0.007668 0.007664 0.007661 0.007660 0.007662 0.007666 0.007669 0.007671 0.007671 
x135 0.000000 0.015718 0.015711 0.015705 0.015703 0.015707 0.015714 0.015720 0.015724 0.015724 
214 
Appendices 
t 0.0010 0.0011 
X1 -0.022678 -0.022678 
x2 -0.023377 -0.023377 
x3 0.991099 0.991099 
x4 -0.013669 -0.013667 
x5 -0.025988 -0.025986 
x6 0.989212 0.989214 
x7 -0.010652 -0.010652 
x8 -0.028998 -0.028999 
x9 0.985828 0.985828 
X10 0.973321 0.973321 
x11 -0.017811 -0.017811 
x12 -0.010400 -0.010401 
x13 -0.018213 -0.018217 
x14 -0.026688 -0.026692 
x15 0.984238 0.984234 
x16 -0.009281 -0.009279 
x17 -0.026903 -0.026901 
X18 0.986530 0.986532 
X19 -0.032525 -0.032523 
x20 0.972165 0.972167 
x21 -0.015231 -0.015229 
x22 -0.058356 -0.058358 
x23 0.995729 0.995727 
x24 -0.015321 -0.015323 
x25 -0.045399 -0.045402 
x26 -0.032873 -0.032876 
x27 0.989069 0.989066 
x28 -0.039354 -0.039354 
x29 0.969709 0.969709 
x30 -0.021442 -0.021442 
x31 0.916218 0.916217 
x32 -0.009607 -0.009608 
x33 -0.001879 -0.001881 
x34 -0.038862 -0.038861 
x35 0.968542 0.968542 
x36 -0.014662 -0.014662 
x37 -0.013572 -0.013572 
x38 -0.012471 -0.012471 
x39 0.991816 0.991816 
x40 0.002603 0.002605 
x41 -0.018315 -0.018313 
x42 0.991402 0.991404 
x43 -0.016471 -0.016472 
x44 0.988348 0.988347 
x45 -0.006067 -0.006068 
x46 -0.007158 -0.007158 
x47 -0.021415 -0.021415 
x48 0.990898 0.990897 
x49 -0.051801 -0.051804 
x50 0.970438 0.970435 
x51 -0.005968 -0.005971 
x52 1.004970 1.004972 
x53 -0.011164 -0.011162 
x54 -0.005614 -0.005612 
x55 1.008448 1.008448 
x56 -0.011618 -0.011618 
x57 -0.008183 -0.008183 
x58 1.009605 1.009601 
x59 -0.011475 -0.011479 
x60 -0.008531 -0.008535 
x61 -0.055639 -0.055638 
x62 0.015229 0.015230 
x63 1.014520 1.014521 
x64 -0.042374 -0.042377 
x65 -0.033379 -0.033382 
x86 0.987013 0.987010 
x67 0.988170 0.988170 
x68 -0.022367 -0.022367 
0.0012 0.0013 0.0014 0.0015 0.0016 0.0017 0.0018 0.0019 
-0.022679 -0.022679 -0.022679 -0.022678 -0.022678 -0.022678 -0.022678 -0.022678 
-0.023377 -0.023377 -0.023377 -0.023377 -0.023377 -0.023377 -0.023377 -0.023377 
0.991099 0.991099 0.991099 0.991099 0.991099 0.991099 0.991099 0.991099 
-0.013666 -0.013665 -0.013666 -0.013668 -0.013670 -0.013671 -0.013671 -0.013669 
-0.025984 -0.025984 -0.025985 -0.025987 -0.025989 -0.025990 -0.025989 -0.025988 
0.989215 0.989216 0.989215 0.989213 0.989211 0.989210 0.989210 0.989212 
-0.010652 -0.010653 -0.010652 -0.010652 -0.010652 -0.010651 -0.010651 -0.010652 
"0.028999 -0.028999 -0.028999 -0.028999 -0.028998 -0.028998 -0.028998 -0.028998 
0.985827 0.985827 0.985828 0.985828 0.985828 0.985829 0.985829 0.985828 
0.973321 0.973321 0.973321 0.973321 0.973321 0.973321 0.973321 0.973321 
-0.017811 -0.017811 -0.017811 -0.017811 -0.017811 -0.017810 -0.017811 -0.017811 
-0.010401 -0.010401 -0.010401 -0.010401 -0.010400 -0.010400 -0.010400 -0.010400 
-0.018220 -0.018221 -0.018219 -0.018215 -0.018212 -0.018210 -0.018210 -0.018213 
-0.026695 -0.026696 -0.026694 -0.026691 -0.026687 -0.026685 -0.026685 -0.026688 
0.984231 0.984230 0.984232 0.984236 0.984240 0.984242 0.984242 0.984238 
-0.009278 -0.009277 -0.009278 -0.009280 -0.009281 -0.009282 -0.009282 -0.009281 
-0.026899 -0.026899 -0.026900 -0.026902 -0.026903 -0.026905 -0.026904 -0.026903 
0.986533 0.986534 0.986533 0.986531 0.986529 0.986528 0.986528 0.986530 
-0.032522 -0.032521 -0.032522 -0.032524 -0.032526 -0.032527 -0.032527 -0.032525 
0.972169 0.972169 0.972168 0.972166 0.972164 0.972163 0.972163 0.972165 
-0.015227 -0.015226 -0.015227 -0.015229 -0.015231 -0.015233 -0.015232 -0.015231 
-0.058359 -0.058360 -0.058359 -0.058357 -0.058356 -0.058355 -0.058355 -0.058356 
0.995725 0.995725 0.995726 0.995728 0.995729 0.995730 0.995730 0.995729 
-0.015324 -0.015325 -0.015324 -0.015322 -0.015320 -0.015319 -0.015320 -0.015321 
-0.045404 -0.045405 -0.045404 -0.045401 -0.045398 -0.045396 -0.045397 -0.045399 
-0.032878 -0.032879 -0.032878 -0.032875 -0.032872 -0.032870 -0.032870 -0.032873 
0.989063 0.989062 0.989064 0.989067 0.989070 0.989072 0.989071 0.989069 
-0.039354 -0.039354 -0.039354 -0.039354 -0.039354 -0.039354 -0.039354 -0.039354 
0.969708 0.969708 0.969708 0.969709 0.969709 0.969709 0.969709 0.969709 
-0.021442 -0.021442 -0.021442 -0.021442 -0.021441 -0.021441 -0.021441 -0.021442 
0.916215 0.916215 0.916216 0.916217 0.916218 0.916219 0.916219 0.916218 
-0.009609 -0.009610 -0.009609 -0.009608 -0.009606 -0.009605 -0.009605 -0.009607 
-0.001882 -0.001882 -0.001882 -0.001880 -0.001879 -0.001878 -0.001878 -0.001879 
-0.038861 -0.038861 -0.038861 -0.038862 -0.038862 -0.038862 -0.038862 -0.038862 
0.968543 0.968543 0.968542 0.968542 0.968542 0.968542 0.968542 0.968542 
-0.014662 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 
-0.013572 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 
-0.012471 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 
0.991816 0.991816 0.991816 0.991816 0.991816 0.991816 0.991816 0.991816 
0.002606 0.002606 0.002605 0.002604 0.002603 0.002602 0.002602 0.002603 
-0.018312 -0.018312 -0.018313 -0.018314 -0.018316 -0.018317 -0.018316 -0.018315 
0.991405 0.991406 0.991405 0.991403 0.991402 0.991401 0.991401 0.991402 
-0.016473 -0.016474 -0.016473 -0.016472 -0.016471 -0.016470 -0.016470 -0.016471 
0.988346 0.988345 0.988346 0.988347 0.988348 0.988349 0.988349 0.988348 
-0.006069 -0.006069 -0.006069 -0.006068 -0.006066 -0.006066 -0.006066 -0.006067 
-0.007158 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 
-0.021415 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 
0.990897 0.990897 0.990897 0.990898 0.990898 0.990898 0.990898 0.990898 
-0.051807 -0.051807 -0.051806 -0.051803 -0.051800 -0.051798 -0.051798 -0.051801 
0.970432 0.970431 0.970433 0.970436 0.970439 0.970441 0.970441 0.970438 
-0.005974 -0.005975 -0.005973 -0.005970 -0.005967 -0.005965 -0.005965 -0.005968 
1.004973 1.004973 1.004973 1.004971 1.004969 1.004969 1.004969 1.004970 
-0.011161 -0.011161 -0.011161 -0.011163 -0.011165 -0.011166 -0.011166 -0.011164 
-0.005611 -0.005610 -0.005611 -0.005613 -0.005614 -0.005615 -0.005615 -0.005614 
1.008448 1.008448 1.008448 1.008448 1.008448 1.008448 1.008448 1.008448 
-0.011619 -0.011619 -0.011619 -0.011618 -0.011618 -0.011618 -0.011618 -0.011618 
-0.008183 -0.008183 -0.008183 -0.008183 -0.008183 -0.008183 -0.008183 -0.008183 
1.009598 1.009597 1.009599 1.009603 1.009606 1.009609 1.009608 1.009605 
-0.011482 -0.011483 -0.011481 -0.011477 -0.011474 -0.011471 -0.011472 -0.011475 
-0.008538 -0.008540 -0.008537 -0.008534 -0.008530 -0.008527 -0.008528 -0.008531 
-0.055637 -0.055636 -0.055637 -0.055638 -0.055639 -0.055640 -0.055640 -0.055639 
0.015231 0.015231 0.015230 0.015229 0.015228 0.015227 0.015228 0.015229 
1.014522 1.014523 1.014522 1.014521 1.014520 1.014519 1.014519 1.014520 
-0.042379 -0.042380 -0.042378 -0.042376 -0.042373 -0.042371 -0.042372 -0.042374 
-0.033385 -0.033385 -0.033384 -0.033381 -0.033378 -0.033376 -0.033376 -0.033379 
0.987007 0.987007 0.987008 0.987011 0.987014 0.987016 0.987015 0.987013 
0.988170 0.988170 0.988170 0.988170 0.988171 0.988171 0.988171 0.988170 
-0.022367 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 
215 
Appendices 
t 0.0010 0.0011 0.0012 0.0013 0.0014 0.0015 0.0016 0.0017 0.0018 0.0019 
x69 -0.010534 -0.010534 -0.010535 -0.010535 -0.010535 -0.010534 -0.010534 -0.010534 -0.010534 -0.010534 
x70 -0.035105 -0.035105 -0.035104 -0.035104 -0.035104 -0.035105 -0.035105 -0.035106 -0.035106 -0.035105 
x71 0.678182 0.678183 0.678184 0.678184 0.678184 0.678183 0.678181 0.678181 0.678181 0.678182 
x72 0.001241 0.001241 0.001242 0.001242 0.001242 0.001241 0.001240 0.001240 0.001240 0.001241 
x73 0.002491 0.002492 0.002493 0.002494 0.002493 0.002492 0.002490 0.002489 0.002490 0.002491 
x74 -0.002530 -0.002530 -0.002529 -0.002529 -0.002529 -0.002530 -0.002531 -0.002531 -0.002531 -0.002530 
x75 -0.005023 -0.005022 -0.005021 -0.005020 -0.005021 -0.005023 -0.005024 -0.005025 -0.005025 -0.005023 
x76 -0.027216 -0.027215 -0.027215 -0.027215 -0.027215 -0.027216 -0.027216 -0.027216 -0.027216 -0.027216 
x77 0.625893 0.625893 0.625894 0.625894 0.625894 0.625893 0.625892 0.625892 0.625892 0.625893 
x78 0.010875 0.010875 0.010876 0.010876 0.010875 0.010875 0.010875 0.010875 0.010875 0.010875 
x79 0.457603 0.457604 0.457604 0.457605 0.457604 0.457604 0.457603 0.457603 0.457603 0.457603 
x80 0.007158 0.007159 0.007159 0.007159 0.007159 0.007159 0.007158 0.007158 0.007158 0.007158 
x81 0.471888 0.471889 0.471890 0.471890 0.471889 0.471889 0.471888 0.471888 0.471888 0.471888 
x82 0.031132 0.031131 0.031131 0.031131 0.031131 0.031131 0.031132 0.031132 0.031132 0.031132 
x83 0.070960 0.070959 0.070958 0.070958 0.070959 0.070960 0.070961 0.070961 0.070961 0.070960 
x84 0.003676 0.003675 0.003675 0.003675 0.003675 0.003676 0.003676 0.003677 0.003677 0.003676 
x85 0.007436 0.007435 0.007434 0.007434 0.007434 0.007435 0.007437 0.007437 0.007437 0.007436 
x86 0.001983 0.001982 0.001982 0.001982 0.001982 0.001983 0.001983 0.001983 0.001983 0.001983 
x87 0.003990 0.003989 0.003988 0.003987 0.003988 0.003989 0.003990 0.003991 0.003991 0.003990 
x88 -0.004796 -0.004795 -0.004795 -0.004795 -0.004795 -0.004795 -0.004796 -0.004796 -0.004796 -0.004796 
x89 0.519488 0.519489 0.519489 0.519490 0.519489 0.519488 0.519487 0.519487 0.519487 0.519488 
x90 0.004536 0.004537 0.004537 0.004537 0.004537 0.004537 0.004536 0.004536 0.004536 0.004536 
x91 0.009202 0.009203 0.009204 0.009204 0.009204 0.009203 0.009202 0.009201 0.009201 0.009202 
x92 0.002041 0.002041 0.002042 0.002042 0.002042 0.002041 0.002041 0.002040 0.002040 0.002041 
x93 0.004107 0.004108 0.004109 0.004109 0.004109 0.004108 0.004107 0.004106 0.004106 0.004107 
x94 0.009005 0.009005 0.009005 0.009005 0.009005 0.009005 0.009005 0.009005 0.009005 0.009005 
x95 0.018546 0.018546 0.018545 0.018545 0.018545 0.018546 0.018546 0.018546 0.018546 0.018546 
x96 0.004905 0.004905 0.004905 0.004905 0.004905 0.004905 0.004905 0.004905 0.004905 0.004905 
x97 0.009963 0.009962 0.009962 0.009962 0.009962 0.009963 0.009963 0.009963 0.009963 0.009963 
x98 0.003046 0.003046 0.003045 0.003045 0.003046 0.003046 0.003046 0.003046 0.003046 0.003046 
x99 0.006149 0.006148 0.006148 0.006148 0.006148 0.006149 0.006149 0.006149 0.006149 0.006149 
x100 0.010496 0.010496 0.010496 0.010495 0.010496 0.010496 0.010496 0.010496 0.010496 0.010496 
X101 0.021732 0.021731 0.021731 0.021731 0.021731 0.021731 0.021732 0.021732 0.021732 0.021732 
x102 0.006576 0.006576 0.006575 0.006575 0.006575 0.006576 0.006576 0.006576 0.006576 0.006576 
x103 0.013429 0.013429 0.013429 0.013429 0.013429 0.013429 0.013430 0.013430 0.013430 0.013429 
x104 0.003237 0.003237 0.003237 0.003237 0.003237 0.003237 0.003238 0.003238 0.003238 0.003237 
x105 0.006540 0.006539 0.006539 0.006539 0.006539 0.006540 0.006540 0.006540 0.006540 0.006540 
x106 0.008094 0.008095 0.008095 0.008095 0.008095 0.008095 0.008094 0.008094 0.008094 0.008094 
x107 0.016617 0.016617 0.016618 0.016618 0.016618 0.016617 0.016617 0.016617 0.016617 0.016617 
x108 0.007503 0.007504 0.007504 0.007504 0.007504 0.007503 0.007503 0.007503 0.007503 0.007503 
x109 0.015372 0.015373 0.015373 0.015373 0.015373 0.015373 0.015372 0.015372 0.015372 0.015372 
X110 0.003829 0.003829 0.003829 0.003829 0.003829 0.003829 0.003829 0.003829 0.003829 0.003829 
x111 0.007749 0.007750 0.007750 0.007750 0.007750 0.007750 0.007749 0.007749 0.007749 0.007749 
x112 0.009711 0.009710 0.009710 0.009710 0.009710 0.009710 0.009711 0.009711 0.009711 0.009711 
x113 0.020049 0.020048 0.020048 0.020048 0.020048 0.020049 0.020049 0.020049 0.020049 0.020049 
x114 0.005855 0.005854 0.005854 0.005854 0.005854 0.005855 0.005855 0.005855 0.005855 0.005855 
x115 0.011928 0.011928 0.011927 0.011927 0.011927 0.011928 0.011928 0.011928 0.011928 0.011928 
x116 0.003811 0.003811 0.003811 0.003811 0.003811 0.003811 0.003811 0.003811 0.003811 0.003811 
x117 0.007712 0.007712 0.007712 0.007712 0.007712 0.007712 0.007712 0.007712 0.007712 0.007712 
x118 0.009384 0.009384 0.009384 0.009384 0.009384 0.009384 0.009384 0.009384 0.009384 0.009384 
x119 0.019352 0.019352 0.019352 0.019352 0.019352 0.019352 0.019352 0.019353 0.019353 0.019352 
x120 0.007051 0.007051 0.007050 0.007050 0.007050 0.007051 0.007051 0.007051 0.007051 0.007051 
x121 0.014422 0.014422 0.014422 0.014422 0.014422 0.014422 0.014423 0.014423 0.014423 0.014422 
x122 0.004684 0.004683 0.004683 0.004683 0.004683 0.004684 0.004684 0.004684 0.004684 0.004684 
A23 0.009505 0.009505 0.009505 0.009505 0.009505 0.009505 0.009505 0.009506 0.009506 0.009505 
x124 0.020166 0.020168 0.020169 0.020170 0.020169 0.020167 0.020166 0.020165 0.020165 0.020166 
x125 0.043417 0.043420 0.043423 0.043424 0.043422 0.043419 0.043416 0.043414 0.043415 0.043417 
x126 0.006332 0.006334 0.006335 0.006335 0.006334 0.006333 0.006331 0.006330 0.006330 0.006332 
x127 0.012921 0.012924 0.012927 0.012928 0.012926 0.012923 0.012919 0.012917 0.012918 0.012921 
x128 0.004073 0.004075 0.004076 0.004077 0.004076 0.004074 0.004072 0.004071 0.004072 0.004073 
x129 0.008250 0.008253 0.008256 0.008257 0.008255 0.008252 0.008249 0.008247 0.008247 0.008250 
x130 0.042112 0.042109 0.042106 0.042105 0.042107 0.042110 0.042113 0.042115 0.042115 0.042112 
x131 0.104181 0.104175 0.104169 0.104168 0.104171 0.104177 0.104183 0.104187 0.104186 0.104181 
x132 0.016508 0.016505 0.016502 0.016501 0.016503 0.016506 0.016510 0.016512 0.016511 0.016508 
x133 0.034985 0.034978 0.034972 0.034970 0.034974 0.034981 0.034988 0.034992 0.034991 0.034985 
x134 0.007668 0.007664 0.007661 0.007660 0.007662 0.007666 0.007669 0.007671 0.007671 0.007668 
A35 0.015718 0.015711 0.015705 0.015703 0.015707 0.015714 0.015720 0.015724 0.015724 0.015718 
216 
Appendices 
t 0.0020 0.0021 0.0022 0.0023 0.0024 0.0025 0.0026 0.0027 0.0028 0.0029 
X1 -0.022678 -0.022679 -0.022679 -0.022679 -0.022678 -0.022678 "0.022678 -0.022678 -0.022678 -0.022678 
x2 -0.023377 -0.023377 -0.023377 -0.023377 -0.023377 -0.023377 -0.023377 -0.023377 -0.023377 -0.023377 
x3 0.991099 0.991099 0.991099 0.991099 0.991099 0.991099 0.991099 0.991099 0.991099 0.991099 
x4 -0.013667 -0.013666 -0.013665 -0.013666 -0.013668 -0.013670 -0.013671 -0.013671 -0.013669 -0.013667 
x5 -0.025986 -0.025984 -0.025984 -0.025985 -0.025987 -0.025989 -0.025990 -0.025989 -0.025988 -0.025986 
x6 0.989214 0.989215 0.989216 0.989215 0.989213 0.989211 0.989210 0.989210 0.989212 0.989214 
x7 -0.010652 -0.010653 -0.010653 -0.010652 -0.010652 -0.010652 -0.010651 -0.010651 -0.010652 -0.010652 
x8 -0.028999 -0.028999 -0.028999 -0.028999 -0.028999 -0.028998 -0.028998 -0.028998 -0.028998 -0.028999 
x9 0.985828 0.985827 0.985827 0.985828 0.985828 0.985828 0.985829 0.985829 0.985828 0.985828 
X10 0.973321 0.973321 0.973321 0.973321 0.973321 0.973321 0.973321 0.973321 0.973321 0.973321 
x11 -0.017811 -0.017811 -0.017811 -0.017811 -0.017811 -0.017811 -0.017810 -0.017811 -0.017811 -0.017811 
x12 -0.010401 -0.010401 -0.010401 -0.010401 -0.010401 -0.010400 -0.010400 -0.010400 -0.010400 -0.010401 
x13 -0.018217 -0.018220 -0.018221 -0.018219 -0.018215 -0.018212 -0.018210 -0.018210 -0.018213 -0.018217 
x14 -0.026692 -0.026695 -0.026696 -0.026694 -0.026691 -0.026687 -0.026685 -0.026685 -0.026688 -0.026692 
x15 0.984234 0.984231 0.984230 0.984232 0.984236 0.984240 0.984242 0.984242 0.984238 0.984234 
x16 -0.009279 -0.009278 -0.009277 -0.009278 -0.009280 -0.009281 -0.009282 -0.009282 -0.009281 -0.009279 
x17 -0.026901 -0.026899 -0.026899 -0.026900 -0.026902 -0.026903 -0.026905 -0.026904 -0.026903 -0.026901 
x18 0.986532 0.986533 0.986534 0.986533 0.986531 0.986529 0.986528 0.986528 0.986530 0.986532 
x19 -0.032523 -0.032522 -0.032521 -0.032522 -0.032524 -0.032526 -0.032527 -0.032527 -0.032525 -0.032523 
x20 0.972167 0.972169 0.972169 0.972168 0.972166 0.972164 0.972163 0.972163 0.972165 0.972167 
x21 -0.015229 -0.015227 -0.015226 -0.015227 -0.015229 -0.015231 -0.015233 -0.015232 -0.015231 -0.015228 
x22 -0.058358 -0.058359 -0.058360 -0.058359 -0.058357 -0.058356 -0.058355 -0.058355 -0.058356 -0.058358 
x23 0.995727 0.995725 0.995725 0.995726 0.995728 0.995729 0.995730 0.995730 0.995729 0.995727 
x24 -0.015323 -0.015324 -0.015325 -0.015324 -0.015322 -0.015320 -0.015319 -0.015320 -0.015321 -0.015323 
x25 -0.045402 -0.045404 -0.045405 -0.045404 -0.045401 -0.045398 -0.045396 -0.045397 -0.045399 -0.045402 
x26 -0.032876 -0.032878 -0.032879 -0.032877 -0.032874 -0.032872 -0.032870 -0.032870 -0.032873 -0.032876 
x27 0.989066 0.989063 0.989062 0.989064 0.989067 0.989070 0.989072 0.989071 0.989069 0.989066 
x28 -0.039354 -0.039354 -0.039354 -0.039354 -0.039354 -0.039354 -0.039354 -0.039354 -0.039354 -0.039354 
x29 0.969709 0.969708 0.969708 0.969708 0.969709 0.969709 0.969709 0.969709 0.969709 0.969709 
x30 -0.021442 -0.021442 -0.021442 -0.021442 -0.021442 -0.021441 -0.021441 -0.021441 -0.021442 -0.021442 
x31 0.916217 0.916215 0.916215 0.916216 0.916217 0.916219 0.916219 0.916219 0.916218 0.916217 
x32 -0.009608 -0.009609 -0.009610 -0.009609 -0.009607 -0.009606 -0.009605 -0.009605 -0.009607 -0.009608 
x33 -0.001881 -0.001882 -0.001882 -0.001882 -0.001880 -0.001879 -0.001878 -0.001878 -0.001879 -0.001881 
x34 -0.038861 -0.038861 -0.038861 -0.038861 -0.038862 -0.038862 -0.038862 -0.038862 -0.038862 -0.038861 
x35 0.968542 0.968543 0.968543 0.968542 0.968542 0.968542 0.968542 0.968542 0.968542 0.968542 
x36 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 
x37 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 
x38 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 
x39 0.991816 0.991816 0.991816 0.991816 0.991816 0.991816 0.991816 0.991816 0.991816 0.991816 
x40 0.002605 0.002606 0.002606 0.002605 0.002604 0.002603 0.002602 0.002602 0.002603 0.002605 
x41 -0.018313 -0.018312 -0.018312 -0.018313 -0.018314 -0.018316 -0.018317 -0.018316 -0.018315 -0.018313 
x42 0.991404 0.991405 0.991406 0.991405 0.991403 0.991402 0.991401 0.991401 0.991402 0.991404 
x43 -0.016472 -0.016473 -0.016474 -0.016473 -0.016472 -0.016471 -0.016470 -0.016470 -0.016471 -0.016472 
x44 0.988347 0.988346 0.988345 0.988346 0.988347 0.988348 0.988349 0.988349 0.988348 0.988347 
x45 -0.006068 -0.006069 -0.006069 -0.006069 -0.006068 -0.006066 -0.006066 -0.006066 -0.006067 -0.006068 
x46 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 
x47 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 
x48 0.990897 0.990897 0.990897 0.990897 0.990898 0.990898 0.990898 0.990898 0.990898 0.990897 
x49 -0.051804 -0.051807 -0.051807 -0.051806 -0.051803 -0.051800 -0.051798 -0.051798 -0.051801 -0.051804 
x50 0.970435 0.970432 0.970431 0.970433 0.970436 0.970439 0.970441 0.970441 0.970438 0.970435 
x51 -0.005972 -0.005974 -0.005975 -0.005973 -0.005970 -0.005967 -0.005965 -0.005965 "0.005968 -0.005972 
x52 1.004972 1.004973 1.004973 1.004972 1.004971 1.004969 1.004969 1.004969 1.004970 1.004972 
x53 -0.011162 -0.011161 -0.011161 -0.011161 -0.011163 -0.011165 -0.011166 -0.011166 -0.011164 -0.011162 
x54 -0.005612 -0.005611 -0.005610 -0.005611 -0.005613 -0.005614 -0.005615 -0.005615 -0.005614 -0.005612 
x55 1.008448 1.008448 1.008448 1.008448 1.008448 1.008448 1.008448 1.008448 1.008448 1.008448 
x56 -0.011618 -0.011619 -0.011619 -0.011619 -0.011618 -0.011618 -0.011618 -0.011618 -0.011618 -0.011618 
x57 -0.008183 -0.008183 -0.008183 -0.008183 -0.008183 -0.008183 -0.008183 -0.008183 -0.008183 -0.008183 
x58 1.009601 1.009598 1.009597 1.009599 1.009603 1.009606 1.009609 1.009608 1.009605 1.009601 
x59 -0.011479 -0.011482 -0.011483 -0.011481 -0.011477 -0.011474 -0.011471 -0.011472 -0.011475 -0.011479 
x60 -0.008535 -0.008539 -0.008540 -0.008537 -0.008534 -0.008530 -0.008527 -0.008528 -0.008531 -0.008535 
x61 -0.055638 -0.055637 -0.055636 -0.055637 -0.055638 -0.055639 -0.055640 -0.055640 -0.055639 -0.055638 
x62 0.015230 0.015231 0.015231 0.015230 0.015229 0.015228 0.015227 0.015228 0.015229 0.015230 
x63 1.014521 1.014522 1.014523 1.014522 1.014521 1.014520 1.014519 1.014519 1.014520 1.014521 
x64 -0.042377 -0.042379 -0.042380 -0.042378 -0.042376 -0.042373 -0.042371 -0.042372 -0.042374 -0.042377 
x65 -0.033382 -0.033385 -0.033385 -0.033384 -0.033381 -0.033378 -0.033376 -0.033376 -0.033379 -0.033382 
x66 0.987010 0.987007 0.987007 0.987008 0.987011 0.987014 0.987016 0.987015 0.987013 0.987010 
x67 0.988170 0.988170 0.988170 0.988170 0.988170 0.988171 0.988171 0.988171 0.988170 0.988170 
x68 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 
217 
Appendices 
t 0.0020 0.0021 0.0022 0.0023 0.0024 0.0025 0.0026 0.0027 0.0028 0.0029 
x69 -0.010535 -0.010535 -0.010535 -0.010535 -0.010534 -0.010534 -0.010534 -0.010534 -0.010534 -0.010535 
x70 -0.035105 -0.035104 -0.035104 -0.035104 -0.035105 -0.035106 -0.035106 -0.035106 -0.035105 -0.035105 
x71 0.678183 0.678184 0.678184 0.678184 0.678182 0.678181 0.678181 0.678181 0.678182 0.678183 
x72 0.001241 0.001242 0.001242 0.001242 0.001241 0.001240 0.001240 0.001240 0.001241 0.001241 
x73 0.002492 0.002493 0.002494 0.002493 0.002492 0.002490 0.002489 0.002490 0.002491 0.002492 
x74 -0.002530 -0.002529 -0.002529 -0.002529 -0.002530 -0.002531 -0.002531 -0.002531 -0.002530 -0.002530 
x75 -0.005022 -0.005021 -0.005020 -0.005021 -0.005023 -0.005024 -0.005025 -0.005025 -0.005023 -0.005022 
x76 -0.027215 -0.027215 -0.027215 -0.027215 -0.027216 -0.027216 -0.027216 -0.027216 -0.027216 -0.027215 
x77 0.625893 0.625894 0.625894 0.625894 0.625893 0.625892 0.625892 0.625892 0.625893 0.625893 
x78 0.010875 0.010876 0.010876 0.010875 0.010875 0.010875 0.010875 0.010875 0.010875 0.010875 
x79 0.457604 0.457604 0.457605 0.457604 0.457604 0.457603 0.457603 0.457603 0.457603 0.457604 
x80 0.007159 0.007159 0.007159 0.007159 0.007159 0.007158 0.007158 0.007158 0.007158 0.007159 
x81 0.471889 0.471890 0.471890 0.471889 0.471889 0.471888 0.471888 0.471888 0.471888 0.471889 
x82 0.031131 0.031131 0.031131 0.031131 0.031131 0.031132 0.031132 0.031132 0.031132 0.031131 
x83 0.070959 0.070958 0.070958 0.070959 0.070960 0.070961 0.070961 0.070961 0.070960 0.070959 
x84 0.003675 0.003675 0.003675 0.003675 0.003676 0.003676 0.003677 0.003676 0.003676 0.003675 
x85 0.007435 0.007434 0.007434 0.007434 0.007435 0.007437 0.007437 0.007437 0.007436 0.007435 
x86 0.001982 0.001982 0.001982 0.001982 0.001983 0.001983 0.001983 0.001983 0.001983 0.001982 
x87 0.003989 0.003988 0.003987 0.003988 0.003989 0.003990 0.003991 0.003991 0.003990 0.003989 
x88 -0.004795 -0.004795 -0.004795 -0.004795 -0.004795 -0.004796 -0.004796 -0.004796 -0.004796 -0.004795 
x89 0.519489 0.519489 0.519490 0.519489 0.519488 0.519487 0.519487 0.519487 0.519488 0.519489 
x90 0.004537 0.004537 0.004537 0.004537 0.004537 0.004536 0.004536 0.004536 0.004536 0.004537 
x91 0.009203 0.009204 0.009204 0.009204 0.009203 0.009202 0.009201 0.009201 0.009202 0.009203 
x92 0.002041 0.002042 0.002042 0.002042 0.002041 0.002041 0.002040 0.002040 0.002041 0.002041 
x93 0.004108 0.004109 0.004109 0.004109 0.004108 0.004107 0.004106 0.004106 0.004107 0.004108 
x94 0.009005 0.009005 0.009005 0.009005 0.009005 0.009005 0.009005 0.009005 0.009005 0.009005 
x95 0.018546 0.018545 0.018545 0.018545 0.018546 0.018546 0.018546 0.018546 0.018546 0.018546 
x96 0.004905 0.004905 0.004905 0.004905 0.004905 0.004905 0.004905 0.004905 0.004905 0.004905 
x97 0.009962 0.009962 0.009962 0.009962 0.009963 0.009963 0.009963 0.009963 0.009963 0.009962 
x98 0.003046 0.003045 0.003045 0.003046 0.003046 0.003046 0.003046 0.003046 0.003046 0.003046 
x99 0.006148 0.006148 0.006148 0.006148 0.006149 0.006149 0.006149 0.006149 0.006149 0.006148 
x100 0.010496 0.010496 0.010495 0.010496 0.010496 0.010496 0.010496 0.010496 0.010496 0.010496 
x101 0.021731 0.021731 0.021731 0.021731 0.021731 0.021732 0.021732 0.021732 0.021732 0.021731 
x102 0.006576 0.006575 0.006575 0.006575 0.006576 0.006576 0.006576 0.006576 0.006576 0.006576 
x103 0.013429 0.013429 0.013429 0.013429 0.013429 0.013430 0.013430 0.013430 0.013429 0.013429 
x104 0.003237 0.003237 0.003237 0.003237 0.003237 0.003238 0.003238 0.003238 0.003237 0.003237 
x105 0.006539 0.006539 0.006539 0.006539 0.006540 0.006540 0.006540 0.006540 0.006540 0.006539 
x106 0.008095 0.008095 0.008095 0.008095 0.008095 0.008094 0.008094 0.008094 0.008094 0.008095 
x107 0.016617 0.016618 0.016618 0.016618 0.016617 0.016617 0.016617 0.016617 0.016617 0.016617 
x108 0.007504 0.007504 0.007504 0.007504 0.007503 0.007503 0.007503 0.007503 0.007503 0.007504 
x109 0.015373 0.015373 0.015373 0.015373 0.015373 0.015372 0.015372 0.015372 0.015372 0.015373 
x110 0.003829 0.003829 0.003829 0.003829 0.003829 0.003829 0.003829 0.003829 0.003829 0.003829 
x111 0.007750 0.007750 0.007750 0.007750 0.007750 0.007749 0.007749 0.007749 0.007749 0.007750 
x112 0.009710 0.009710 0.009710 0.009710 0.009710 0.009711 0.009711 0.009711 0.009711 0.009710 
x113 0.020048 0.020048 0.020048 0.020048 0.020049 0.020049 0.020049 0.020049 0.020049 0.020048 
x114 0.005854 0.005854 0.005854 0.005854 0.005855 0.005855 0.005855 0.005855 0.005855 0.005854 
x115 0.011928 0.011927 0.011927 0.011927 0.011928 0.011928 0.011928 0.011928 0.011928 0.011928 
x116 0.003811 0.003811 0.003811 0.003811 0.003811 0.003811 0.003811 0.003811 0.003811 0.003811 
x117 0.007712 0.007712 0.007712 0.007712 0.007712 0.007712 0.007712 0.007712 0.007712 0.007712 
x118 0.009384 0.009384 0.009384 0.009384 0.009384 0.009384 0.009384 0.009384 0.009384 0.009384 
x119 0.019352 0.019352 0.019352 0.019352 0.019352 0.019352 0.019353 0.019353 0.019352 0.019352. 
x120 0.007051 0.007050 0.007050 0.007050 0.007051 0.007051 0.007051 0.007051 0.007051 0.007051 
x121 0.014422 0.014422 0.014422 0.014422 0.014422 0.014423 0.014423 0.014423 0.014422 0.014422 
x122 0.004683 0.004683 0.004683 0.004683 0.004684 0.004684 0.004684 0.004684 0.004684 0.004683 
x123 0.009505 0.009505 0.009505 0.009505 0.009505 0.009505 0.009506 0.009506 0.009505 0.009505 
x124 0.020168 0.020169 0.020170 0.020169 0.020167 0.020166 0.020165 0.020165 0.020166 0.020168 
x125 0.043421 0.043423 0.043424 0.043422 0.043419 0.043416 0.043414 0.043415 0.043417 0.043421 
x126 0.006334 0.006335 0.006335 0.006334 0.006333 0.006331 0.006330 0.006330 0.006332 0.006334 
x127 0.012924 0.012927 0.012928 0.012926 0.012923 0.012919 0.012917 0.012918 0.012921 0.012924 
x128 0.004075 0.004076 0.004077 0.004076 0.004074 0.004072 0.004071 0.004072 0.004073 0.004075 
x129 0.008253 0.008256 0.008257 0.008255 0.008252 0.008249 0.008247 0.008247 0.008250 0.008253 
x130 0.042109 0.042106 0.042105 0.042107 0.042110 0.042113 0.042115 0.042115 0.042112 0.042109 
x131 0.104174 0.104169 0.104168 0.104171 0.104177 0.104183 0.104187 0.104186 0.104181 0.104174 
x132 0.016505 0.016502 0.016501 0.016503 0.016506 0.016510 0.016512 0.016511 0.016508 0.016505 
x133 0.034978 0.034972 0.034970 0.034974 0.034981 0.034988 0.034992 0.034991 0.034985 0.034978 
xi 34 0.007664 0.007661 0.007660 0.007662 0.007666 0.007669 0.007671 0.007671 0.007668 0.007664 
x135 0.015711 0.015705 0.015703 0.015707 0.015714 0.015720 0.015725 0.015724 0.015718 0.015711 
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Appendices 
t 0.0030 0.0031 0.0032 0.0033 0.0034 0.0035 0.0036 0.0037 0.0038 0.0039 
xt -0.022679 -0.022679 -0.022679 -0.022678 -0.022678 -0.022678 -0.022678 -0.022678 -0.022678 -0.022679 
x2 -0.023377 -0.023377 -0.023377 -0.023377 -0.023377 -0.023377 -0.023377 -0.023377 -0.023377 -0.023377 
x3 0.991099 0.991099 0.991099 0.991099 0.991099 0.991099 0.991099 0.991099 0.991099 0.991099 
x4 -0.013666 -0.013665 -0.013666 -0.013668 -0.013670 -0.013671 -0.013671 -0.013669 -0.013667 -0.013666 
x5 -0.025984 -0.025984 -0.025985 -0.025987 -0.025989 -0.025990 -0.025989 -0.025988 -0.025986 -0.025984 
x6 0.989215 0.989216 0.989215 0.989213 0.989211 0.989210 0.989210 0.989212 0.989214 0.989215 
x7 -0.010653 -0.010653 -0.010652 -0.010652 -0.010652 -0.010651 -0.010651 -0.010652 -0.010652 -0.010653 
x8 -0.028999 -0.028999 -0.028999 -0.028999 -0.028998 -0.028998 -0.028998 -0.028998 -0.028999 -0.028999 
x9 0.985827 0.985827 0.985828 0.985828 0.985828 0.985829 0.985829 0.985828 0.985828 0.985827 
X10 0.973321 0.973321 0.973321 0.973321 0.973321 0.973321 0.973321 0.973321 0.973321 0.973321 
x11 -0.017811 -0.017811 -0.017811 -0.017811 -0.017811 -0.017810 -0.017811 -0.017811 -0.017811 -0.017811 
x12 -0.010401 -0.010401 -0.010401 -0.010401 -0.010400 -0.010400 -0.010400 -0.010400 -0.010401 -0.010401 
x13 -0.018220 -0.018221 -0.018219 -0.018215 -0.018212 -0.018210 -0.018210 -0.018213 -0.018217 -0.018220 
x14 -0.026695 -0.026696 -0.026694 -0.026691 -0.026687 -0.026685 -0.026685 -0.026689 -0.026692 -0.026695 
x15 0.984231 0.984230 0.984232 0.984236 0.984240 0.984242 0.984241 0.984238 0.984234 0.984231 
A6 -0.009278 -0.009277 -0.009278 -0.009280 -0.009281 -0.009282 -0.009282 -0.009281 -0.009279 -0.009278 
x17 -0.026899 -0.026899 -0.026900 -0.026902 -0.026903 -0.026905 -0.026904 -0.026903 -0.026901 -0.026899 
x18 0.986533 0.986534 0.986533 0.986531 0.986529 0.986528 0.986528 0.986530 0.986532 0.986533 
X19 -0.032522 -0.032521 -0.032522 -0.032524 -0.032526 -0.032527 -0.032527 -0.032525 -0.032523 -0.032522 
x20 0.972169 0.972169 0.972168 0.972166 0.972164 0.972163 0.972163 0.972165 0.972167 0.972169 
x21 -0.015227 -0.015226 -0.015227 -0.015229 -0.015231 -0.015233 -0.015232 -0.015231 -0.015228 -0.015227 
x22 -0.058359 -0.058360 -0.058359 -0.058357 -0.058356 -0.058355 -0.058355 -0.058356 -0.058358 -0.058359 
x23 0.995725 0.995725 0.995726 0.995728 0.995729 0.995730 0.995730 0.995729 0.995727 0.995725 
x24 -0.015324 -0.015325 -0.015324 -0.015322 -0.015320 -0.015319 -0.015320 -0.015321 -0.015323 -0.015324 
x25 -0.045404 -0.045405 -0.045404 -0.045401 -0.045398 -0.045396 -0.045397 -0.045399 -0.045402 -0.045404 
x26 -0.032878 -0.032879 -0.032877 -0.032874 -0.032872 -0.032870 -0.032870 -0.032873 -0.032876 -0.032878 
x27 0.989063 0.989062 0.989064 0.989067 0.989070 0.989072 0.989071 0.989069 0.989066 0.989063 
x28 -0.039354 -0.039354 -0.039354 -0.039354 -0.039354 -0.039354 -0.039354 -0.039354 -0.039354 -0.039354 
x29 0.969708 0.969708 0.969708 0.969709 0.969709 0.969709 0.969709 0.969709 0.969709 0.969708 
x30 -0.021442 -0.021442 -0.021442 -0.021442 -0.021441 -0.021441 -0.021441 -0.021442 -0.021442 -0.021442 
x31 0.916215 0.916215 0.916216 0.916217 0.916219 0.916219 0.916219 0.916218 0.916217 0.916215 
x32 -0.009609 -0.009610 -0.009609 -0.009607 -0.009606 -0.009605 -0.009605 -0.009607 -0.009608 -0.009609 
x33 -0.001882 -0.001882 -0.001882 -0.001880 -0.001879 -0.001878 -0.001878 -0.001879 -0.001881 -0.001882 
x34 -0.038861 -0.038861 -0.038861 -0.038862 -0.038862 -0.038862 -0.038862 -0.038862 -0.038861 -0.038861 
x35 0.968543 0.968543 0.968542 0.968542 0.968542 0.968542 0.968542 0.968542 0.968542 0.968543 
x36 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 
x37 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 
x38 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 
x39 0.991816 0.991816 0.991816 0.991816 0.991816 0.991816 0.991816 0.991816 0.991816 0.991816 
x40 0.002606 0.002606 0.002605 0.002604 0.002603 0.002602 0.002602 0.002603 0.002605 0.002606 
x41 -0.018312 -0.018312 -0.018313 -0.018314 -0.018316 -0.018317 -0.018316 -0.018315 -0.018313 -0.018312 
x42 0.991405 0.991406 0.991405 0.991403 0.991402 0.991401 0.991401 0.991402 0.991404 0.991405 
x43 -0.016473 -0.016474 -0.016473 -0.016472 -0.016471 -0.016470 -0.016470 -0.016471 -0.016473 -0.016473 
x44 0.988346 0.988345 0.988346 0.988347 0.988348 0.988349 0.988349 0.988348 0.988347 0.988346 
x45 -0.006069 -0.006069 -0.006069 -0.006068 -0.006066 -0.006066 -0.006066 -0.006067 -0.006068 -0.006069 
x46 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 
x47 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 
x48 0.990897 0.990897 0.990897 0.990898 0.990898 0.990898 0.990898 0.990898 0.990897 0.990897 
x49 -0.051807 -0.051807 -0.051806 -0.051803 -0.051800 -0.051798 -0.051798 -0.051801 -0.051804 -0.051807 
x50 0.970432 0.970431 0.970433 0.970436 0.970439 0.970441 0.970441 0.970438 0.970435 0.970432 
x51 -0.005974 -0.005975 -0.005973 -0.005970 -0.005967 -0.005965 -0.005965 -0.005968 -0.005972 -0.005974 
x52 1.004973 1.004973 1.004972 1.004971 1.004969 1.004969 1.004969 1.004970 1.004972 1.004973 
x53 -0.011161 -0.011161 -0.011161 -0.011163 -0.011165 -0.011166 -0.011165 -0.011164 -0.011162 -0.011161 
x54 -0.005611 -0.005610 -0.005611 -0.005613 -0.005614 -0.005615 -0.005615 -0.005614 -0.005612 -0.005611 
x55 1.008448 1.008448 1.008448 1.008448 1.008448 1.008448 1.008448 1.008448 1.008448 1.008448 
x56 -0.011619 -0.011619 -0.011619 -0.011618 -0.011618 -0.011618 -0.011618 -0.011618 -0.011618 -0.011619 
x57 -0.008183 -0.008183 -0.008183 -0.008183 -0.008183 -0.008183 -0.008183 -0.008183 -0.008183 -0.008183 
x58 1.009598 1.009597 1.009599 1.009603 1.009606 1.009609 1.009608 1.009605 1.009601 1.009598 
x59 -0.011482 -0.011483 -0.011481 -0.011477 -0.011474 -0.011471 -0.011472 -0.011475 -0.011479 -0.011482 
x60 -0.008539 -0.008540 -0.008537 -0.008533 -0.008530 -0.008527 -0.008528 -0.008531 -0.008535 -0.008539 
x61 -0.055637 -0.055636 -0.055637 -0.055638 -0.055639 -0.055640 -0.055640 -0.055639 -0.055638 -0.055637 
x62 0.015231 0.015231 0.015230 0.015229 0.015228 0.015227 0.015228 0.015229 0.015230 0.015231 
x63 1.014522 1.014523 1.014522 1.014521 1.014520 1.014519 1.014519 1.014520 1.014521 1.014522 
x64 -0.042379 -0.042380 -0.042378 -0.042376 -0.042373 -0.042371 -0.042372 -0.042374 -0.042377 -0.042379 
x65 -0.033385 -0.033385 -0.033384 -0.033381 -0.033378 -0.033376 -0.033376 -0.033379 -0.033382 -0.033385 
x66 0.987007 0.987007 0.987008 0.987011 0.987014 0.987016 0.987015 0.987013 0.987010 0.987007 
x67 0.988170 0.988170 0.988170 0.988170 0.988171 0.988171 0.988171 0.988170 0.988170 0.988170 
x68 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 
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Appendices 
t 0.0030 0.0031 0.0032 0.0033 0.0034 0.0035 0.0036 0.0037 0.0038 0.0039 
x69 -0.010535 -0.010535 -0.010535 -0.010534 -0.010534 -0.010534 -0.010534 -0.010534 -0.010535 -0.010535 
x70 -0.035104 -0.035104 -0.035104 -0.035105 -0.035106 -0.035106 -0.035106 -0.035105 -0.035105 -0.035104 
x71 0.678184 0.678184 0.678184 0.678182 0.678181 0.678181 0.678181 0.678182 0.678183 0.678184 
x72 0.001242 0.001242 0.001242 0.001241 0.001240 0.001240 0.001240 0.001241 0.001241 0.001242 
x73 0.002493 0.002494 0.002493 0.002492 0.002490 0.002489 0.002490 0.002491 0.002492 0.002493 
x74 -0.002529 -0.002529 -0.002529 -0.002530 -0.002531 -0.002531 -0.002531 -0.002530 -0.002530 -0.002529 
x75 -0.005021 -0.005020 -0.005021 -0.005023 -0.005024 -0.005025 -0.005025 -0.005023 -0.005022 -0.005021 
x76 -0.027215 -0.027215 -0.027215 -0.027216 -0.027216 -0.027216 -0.027216 -0.027216 -0.027215 -0.027215 
x77 0.625894 0.625894 0.625894 0.625893 0.625892 0.625892 0.625892 0.625893 0.625893 0.625894 
x78 0.010876 0.010876 0.010875 0.010875 0.010875 0.010875 0.010875 0.010875 0.010875 0.010876 
x79 0.457604 0.457605 0.457604 0.457604 0.457603 0.457603 0.457603 0.457603 0.457604 0.457604 
x80 0.007159 0.007159 0.007159 0.007159 0.007158 0.007158 0.007158 0.007158 0.007159 0.007159 
x81 0.471890 0.471890 0.471889 0.471889 0.471888 0.471888 0.471888 0.471888 0.471889 0.471890 
x82 0.031131 0.031131 0.031131 0.031131 0.031132 0.031132 0.031132 0.031132 0.031131 0.031131 
x83 0.070958 0.070958 0.070959 0.070960 0.070961 0.070961 0.070961 0.070960 0.070959 0.070958 
x84 0.003675 0.003675 0.003675 0.003676 0.003676 0.003677 0.003676 0.003676 0.003675 0.003675 
x85 0.007434 0.007434 0.007434 0.007435 0.007437 0.007437 0.007437 0.007436 0.007435 0.007434 
x86 0.001982 0.001982 0.001982 0.001983 0.001983 0.001983 0.001983 0.001983 0.001982 0.001982 
x87 0.003988 0.003987 0.003988 0.003989 0.003990 0.003991 0.003991 0.003990 0.003989 0.003988 
x88 -0.004795 -0.004795 -0.004795 -0.004795 -0.004796 -0.004796 -0.004796 -0.004796 -0.004795 -0.004795 
x89 0.519489 0.519490 0.519489 0.519488 0.519487 0.519487 0.519487 0.519488 0.519489 0.519489 
x90 0.004537 0.004537 0.004537 0.004537 0.004536 0.004536 0.004536 0.004536 0.004537 0.004537 
x91 0.009204 0.009204 0.009204 0.009203 0.009202 0.009201 0.009201 0.009202 0.009203 0.009204 
x92 0.002042 0.002042 0.002042 0.002041 0.002041 0.002040 0.002040 0.002041 0.002041 0.002042 
x93 0.004109 0.004109 0.004109 0.004108 0.004107 0.004106 0.004106 0.004107 0.004108 0.004109 
x94 0.009005 0.009005 0.009005 0.009005 0.009005 0.009005 0.009005 0.009005 0.009005 0.009005 
x95 0.018545 0.018545 0.018545 0.018546 0.018546 0.018546 0.018546 0.018546 0.018546 0.018545 
x96 0.004905 0.004905 0.004905 0.004905 0.004905 0.004905 0.004905 0.004905 0.004905 0.004905 
x97 0.009962 0.009962 0.009962 0.009963 0.009963 0.009963 0.009963 0.009963 0.009962 0.009962 
x98 0.003045 0.003045 0.003046 0.003046 0.003046 0.003046 0.003046 0.003046 0.003046 0.003045 
x99 0.006148 0.006148 0.006148 0.006149 0.006149 0.006149 0.006149 0.006149 0.006148 0.006148 
x100 0.010496 0.010495 0.010496 0.010496 0.010496 0.010496 0.010496 0.010496 0.010496 0.010496 
X101 0.021731 0.021731 0.021731 0.021731 0.021732 0.021732 0.021732 0.021732 0.021731 0.021731 
x102 0.006575 0.006575 0.006575 0.006576 0.006576 0.006576 0.006576 0.006576 0.006576 0.006575 
x103 0.013429 0.013429 0.013429 0.013429 0.013430 0.013430 0.013430 0.013429 0.013429 0.013429 
x104 0.003237 0.003237 0.003237 0.003237 0.003238 0.003238 0.003238 0.003237 0.003237 0.003237 
x105 0.006539 0.006539 0.006539 0.006540 0.006540 0.006540 0.006540 0.006540 0.006539 0.006539 
x106 0.008095 0.008095 0.008095 0.008095 0.008094 0.008094 0.008094 0.008094 0.008095 0.008095 
x107 0.016618 0.016618 0.016618 0.016617 0.016617 0.016617 0.016617 0.016617 0.016617 0.016618 
x108 0.007504 0.007504 0.007504 0.007503 0.007503 0.007503 0.007503 0.007503 0.007504 0.007504 
x109 0.015373 0.015373 0.015373 0.015373 0.015372 0.015372 0.015372 0.015372 0.015373 0.015373 
X110 0.003829 0.003829 0.003829 0.003829 0.003829 0.003829 0.003829 0.003829 0.003829 0.003829 
x111 0.007750 0.007750 0.007750 0.007749 0.007749 0.007749 0.007749 0.007749 0.007750 0.007750 
x112 0.009710 0.009710 0.009710 0.009710 0.009711 0.009711 0.009711 0.009711 0.009710 0.009710 
x113 0.020048 0.020048 0.020048 0.020049 0.020049 0.020049 0.020049 0.020049 0.020048 0.020048 
x114 0.005854 0.005854 0.005854 0.005855 0.005855 0.005855 0.005855 0.005855 0.005854 0.005854 
x115 0.011927 0.011927 0.011927 0.011928 0.011928 0.011928 0.011928 0.011928 0.011928 0.011927 
x116 0.003811 0.003811 0.003811 0.003811 0.003811 0.003811 0.003811 0.003811 0.003811 0.003811 
x117 0.007712 0.007712 0.007712 0.007712 0.007712 0.007712 0.007712 0.007712 0.007712 0.007712 
x118 0.009384 0.009384 0.009384 0.009384 0.009384 0.009384 0.009384 0.009384 0.009384 0.009384 
x119 0.019352 0.019352 0.019352 0.019352 0.019352 0.019353 0.019353 0.019352 0.019352 0.019352 
x120 0.007050 0.007050 0.007050 0.007051 0.007051 0.007051 0.007051 0.007051 0.007051 0.007050 
x121 0.014422 0.014422 0.014422 0.014422 0.014423 0.014423 0.014423 0.014422 0.014422 0.014422 
x122 0.004683 0.004683 0.004683 0.004684 0.004684 0.004684 0.004684 0.004684 0.004683 0.004683 
x123 0.009505 0.009505 0.009505 0.009505 0.009505 0.009506 0.009506 0.009505 0.009505 0.009505 
x124 0.020169 0.020170 0.020169 0.020167 0.020166 0.020165 0.020165 0.020167 0.020168 0.020169 
x125 0.043423 0.043424 0.043422 0.043419 0.043416 0.043414 0.043415 0.043417 0.043421 0.043423 
x126 0.006335 0.006335 0.006334 0.006333 0.006331 0.006330 0.006330 0.006332 0.006334 0.006335 
x127 0.012927 0.012928 0.012926 0.012923 0.012919 0.012917 0.012918 0.012921 0.012924 0.012927 
x128 0.004076 0.004077 0.004076 0.004074 0.004072 0.004071 0.004072 0.004073 0.004075 0.004076 
x129 0.008256 0.008257 0.008255 0.008252 0.008249 0.008247 0.008247 0.008250 0.008253 0.008256 
x130 0.042106 0.042105 0.042107 0.042110 0.042113 0.042115 0.042115 0.042112 0.042109 0.042106 
x131 0.104169 0.104168 0.104171 0.104177 0.104183 0.104187 0.104186 0.104181 0.104174 0.104169 
x132 0.016502 0.016501 0.016503 0.016506 0.016510 0.016512 0.016511 0.016508 0.016505 0.016502 
x133 0.034972 0.034970 0.034974 0.034981 0.034988 0.034992 0.034991 0.034985 0.034978 0.034972 
x134 0.007661 0.007660 0.007662 0.007666 0.007669 0.007671 0.007671 0.007668 0.007664 0.007661 
x135 0.015705 0.015703 0.015707 0.015714 0.015720 0.015725 0.015724 0.015718 0.015711 0.015705 
220 
Appendices 
t 0.0040 0.0041 0.0042 0.0043 0.0044 0.0045 
X1 -0.022679 -0.022679 -0.022678 -0.022678 -0.022678 -0.022678 
x2 -0.023377 -0.023377 -0.023377 -0.023377 -0.023377 -0.023377 
x3 0.991099 0.991099 0.991099 0.991099 0.991099 0.991099 
x4 -0.013665 -0.013666 -0.013668 -0.013670 -0.013671 -0.013671 
x5 -0.025984 -0.025985 -0.025987 -0.025989 -0.025990 -0.025989 
x6 0.989216 0.989215 0.989213 0.989211 0.989210 0.989210 
x7 -0.010653 -0.010652 -0.010652 -0.010652 -0.010651 -0.010651 
x8 -0.028999 -0.028999 -0.028999 -0.028998 -0.028998 -0.028998 
x9 0.985827 0.985828 0.985828 0.985828 0.985829 0.985829 
X10 0.973321 0.973321 0.973321 0.973321 0.973321 0.973321 
x11 -0.017811 -0.017811 -0.017811 -0.017811 -0.017810 -0.017811 
x12 -0.010401 -0.010401 -0.010401 -0.010400 -0.010400 -0.010400 
x13 -0.018221 -0.018219 -0.018215 -0.018212 -0.018210 -0.018210 
x14 -0.026696 -0.026694 -0.026690 -0.026687 -0.026685 -0.026685 
x15 0.984230 0.984232 0.984236 0.984240 0.984242 0.984241 
x16 -0.009277 -0.009278 -0.009280 -0.009281 -0.009282 -0.009282 
x17 -0.026899 -0.026900 -0.026902 -0.026903 -0.026905 -0.026904 
x18 0.986534 0.986533 0.986531 0.986529 0.986528 0.986528 
X19 -0.032521 -0.032522 -0.032524 -0.032526 -0.032527 -0.032527 
x20 0.972169 0.972168 0.972166 0.972164 0.972163 0.972163 
x21 -0.015226 -0.015227 -0.015230 -0.015232 -0.015233 -0.015232 
x22 -0.058360 -0.058359 -0.058357 -0.058356 -0.058355 -0.058355 
x23 0.995725 0.995726 0.995728 0.995729 0.995730 0.995730 
x24 -0.015325 -0.015324 -0.015322 -0.015320 -0.015319 -0.015320 
x25 -0.045405 -0.045404 -0.045401 -0.045398 -0.045396 -0.045397 
x26 -0.032879 -0.032877 -0.032874 -0.032871 -0.032870 -0.032870 
x27 0.989062 0.989064 0.989067 0.989070 0.989072 0.989071 
x28 -0.039354 -0.039354 -0.039354 -0.039354 -0.039354 -0.039354 
x29 0.969708 0.969708 0.969709 0.969709 0.969709 0.969709 
x30 -0.021442 -0.021442 -0.021442 -0.021441 -0.021441 -0.021441 
0.0046 0.0047 0.0048 0.0049 
-0.022678 -0.022678 -0.022679 -0.022679 
-0.023377 -0.023377 -0.023377 -0.023377 
0.991099 0.991099 0.991099 0.991099 
-0.013669 -0.013667 -0.013666 -0.013665 
-0.025988 -0.025986 -0.025984 -0.025984 
0.989212 0.989214 0.989215 0.989216 
-0.010652 -0.010652 -0.010653 -0.010653 
-0.028998 -0.028999 -0.028999 -0.028999 
0.985828 0.985828 0.985827 0.985827 
0.973321 0.973321 
-0.017811 -0.017811 
-0.010400 -0.010401 
-0.018213 -0.018217 
-0.026689 -0.026692 
0.984238 0.984234 
-0.009281 -0.009279 
-0.026903 -0.026901 
0.986530 0.986532 
-0.032525 -0.032523 
0.972165 0.972167 
-0.015231 -0.015228 
-0.058356 -0.058358 
0.995728 0.995727 
-0.015321 -0.015323 
-0.045399 -0.045402 
-0.032873 -0.032876 
0.989069 0.989066 
-0.039354 -0.039354 
0.969709 0.969709 
-0.021442 -0.021442 
0.973321 0.973321 
-0.017811 -0.017811 
-0.010401 -0.010401 
-0.018220 -0.018221 
-0.026695 -0.026696 
0.984231 0.984230 
-0.009278 -0.009277 
-0.026899 -0.026899 
0.986533 0.986534 
-0.032522 -0.032521 
0.972169 0.972169 
-0.015227 -0.015226 
-0.058359 -0.058360 
0.995725 0.995725 
-0.015324 -0.015325 
-0.045404 -0.045405 
-0.032878 -0.032879 
0.989063 0.989062 
-0.039354 -0.039354 
0.969708 0.969708 
-0.021442 -0.021442 
x31 0.916215 0.916216 0.916217 0.916219 0.916219 0.916219 0.916218 0.916217 0.916215 0.916215 
x32 -0.009610 -0.009609 -0.009607 -0.009606 -0.009605 -0.009605 -0.009607 -0.009608 -0.009609 -0.009610 
x33 -0.001882 -0.001882 -0.001880 -0.001879 -0.001878 -0.001878 -0.001879 -0.001881 -0.001882 -0.001882 
x34 -0.038861 -0.038861 -0.038862 -0.038862 -0.038862 -0.038862 -0.038862 -0.038861 -0.038861 -0.038861 
x35 0.968543 0.968542 0.968542 0.968542 0.968542 0.968542 0.968542 0.968542 0.968543 0.968543 
x36 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 
x37 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 
x38 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 
x39 0.991816 0.991816 0.991816 0.991816 0.991816 0.991816 0.991816 0.991816 0.991816 0.991816 
x40 0.002606 0.002605 0.002604 0.002603 0.002602 0.002602 0.002603 0.002605 0.002606 0.002606 
x41 -0.018312 -0.018313 -0.018314 -0.018316 -0.018317 -0.018316 -0.018315 -0.018313 -0.018312 -0.018312 
x42 0.991406 0.991405 0.991403 0.991402 0.991401 0.991401 0.991402 0.991404 0.991405 0.991406 
x43 -0.016474 -0.016473 -0.016472 -0.016471 -0.016470 -0.016470 -0.016471 -0.016473 -0.016473 -0.016474 
x44 0.988345 0.988346 0.988347 0.988348 0.988349 0.988349 0.988348 0.988347 0.988346 0.988345 
x45 -0.006069 -0.006069 -0.006067 -0.006066 -0.006066 -0.006066 -0.006067 -0.006068 -0.006069 -0.006069 
x46 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 
x47 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 
x48 0.990897 0.990897 0.990898 0.990898 0.990898 0.990898 0.990898 0.990897 0.990897 0.990897 
x49 -0.051807 -0.051806 -0.051803 -0.051800 -0.051798 -0.051798 -0.051801 -0.051804 -0.051807 -0.051807 
x50 0.970431 0.970433 0.970436 0.970439 0.970441 0.970441 0.970438 0.970435 0.970432 0.970431 
x51 -0.005975 -0.005973 -0.005970 -0.005967 -0.005965 -0.005965 -0.005968 -0.005972 -0.005974 -0.005975 
x52 1.004973 1.004972 1.004971 1.004969 1.004969 1.004969 1.004970 1.004972 1.004973 1.004973 
x53 -0.011161 -0.011161 -0.011163 -0.011165 -0.011166 -0.011165 -0.011164 -0.011162 -0.011161 -0.011161 
x54 -0.005610 -0.005611 -0.005613 -0.005614 -0.005615 -0.005615 -0.005614 -0.005612 -0.005611 -0.005610 
x55 1.008448 1.008448 1.008448 1.008448 1.008448 1.008448 1.008448 1.008448 1.008448 1.008448 
x56 -0.011619 -0.011619 -0.011618 -0.011618 -0.011618 -0.011618 -0.011618 -0.011618 -0.011619 -0.011619 
x57 -0.008183 -0.008183 -0.008183 -0.008183 -0.008183 -0.008183 -0.008183 -0.008183 -0.008183 -0.008183 
x58 1.009597 1.009599 1.009603 1.009606 1.009609 1.009608 1.009605 1.009601 1.009598 1.009597 
x59 -0.011483 -0.011481 -0.011477 -0.011474 -0.011471 -0.011472 -0.011475 -0.011479 -0.011482 -0.011483 
x60 -0.008540 -0.008537 -0.008533 -0.008530 -0.008527 -0.008528 -0.008531 -0.008535 -0.008539 -0.008540 
x61 -0.055636 -0.055637 -0.055638 -0.055639 -0.055640 -0.055640 -0.055639 -0.055638 -0.055637 -0.055636 
x62 0.015231 0.015230 0.015229 0.015228 0.015227 0.015228 0.015229 0.015230 0.015231 0.015231 
x63 1.014523 1.014522 1.014521 1.014520 1.014519 1.014519 1.014520 1.014521 1.014522 1.014523 
x64 -0.042380 -0.042378 -0.042376 -0.042373 -0.042371 -0.042372 -0.042374 -0.042377 -0.042379 -0.042380 
x65 -0.033385 -0.033384 -0.033381 -0.033378 -0.033376 -0.033376 -0.033379 -0.033382 -0.033385 -0.033385 
x66 0.987007 0.987008 0.987011 0.987014 0.987016 0.987015 0.987013 0.987010 0.987007 0.987007 
x67 0.988170 0.988170 0.988170 0.988171 0.988171 0.988171 0.988170 0.988170 0.988170 0.988170 
x68 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 
221 
Appendices 
t 0.0040 0.0041 0.0042 0.0043 0.0044 0.0045 
x69 -0.010535 -0.010535 "0.010534 -0.010534 -0.010534 -0.010534 
x70 -0.035104 -0.035104 -0.035105 -0.035106 -0.035106 -0.035106 
x71 0.678184 0.678184 0.678182 0.678181 0.678181 0.678181 
x72 0.001242 0.001242 0.001241 0.001240 0.001240 0.001240 
x73 0.002494 0.002493 0.002492 0.002490 0.002489 0.002490 
x74 -0.002529 -0.002529 -0.002530 -0.002531 -0.002531 -0.002531 
x75 -0.005020 -0.005021 -0.005023 -0.005024 -0.005025 -0.005025 
x76 -0.027215 -0.027215 -0.027216 -0.027216 -0.027216 -0.027216 
x77 0.625894 0.625894 0.625893 0.625892 0.625892 0.625892 
x78 0.010876 0.010875 0.010875 0.010875 0.010875 0.010875 
x79 0.457605 0.457604 0.457604 0.457603 0.457603 0.457603 
x80 0.007159 0.007159 0.007159 0.007158 0.007158 0.007158 
x81 0.471890 0.471889 0.471889 0.471888 0.471888 0.471888 
x82 0.031131 0.031131 0.031131 0.031132 0.031132 0.031132 
x83 0.070958 0.070959 0.070960 0.070961 0.070961 0.070961 
x84 0.003675 0.003675 0.003676 0.003676 0.003677 0.003676 
x85 0.007434 0.007434 0.007435 0.007437 0.007437 0.007437 
x86 0.001982 0.001982 0.001983 0.001983 0.001983 0.001983 
x87 0.003987 0.003988 0.003989 0.003990 0.003991 0.003991 
x88 -0.004795 -0.004795 -0.004795 -0.004796 -0.004796 -0.004796 
x89 0.519490 0.519489 0.519488 0.519487 0.519487 0.519487 
x90 0.004537 0.004537 0.004537 0.004536 0.004536 0.004536 
x91 0.009204 0.009204 0.009203 0.009202 0.009201 0.009201 
x92 0.002042 0.002042 0.002041 0.002041 0.002040 0.002040 
x93 0.004109 0.004109 0.004108 0.004107 0.004106 0.004106 
x94 0.009005 0.009005 0.009005 0.009005 0.009005 0.009005 
x95 0.018545 0.018545 0.018546 0.018546 0.018546 0.018546 
x96 0.004905 0.004905 0.004905 0.004905 0.004905 0.004905 
x97 0.009962 0.009962 0.009963 0.009963 0.009963 0.009963 
x98 0.003045 0.003046 0.003046 0.003046 0.003046 0.003046 
x99 0.006148 0.006148 0.006149 0.006149 0.006149 0.006149 
x100 0.010495 0.010496 0.010496 0.010496 0.010496 0.010496 
X101 0.021731 0.021731 0.021731 0.021732 0.021732 0.021732 
x102 0.006575 0.006575 0.006576 0.006576 0.006576 0.006576 
x103 0.013429 0.013429 0.013429 0.013430 0.013430 0.013430 
x104 0.003237 0.003237 0.003237 0.003238 0.003238 0.003238 
x105 0.006539 0.006539 0.006540 0.006540 0.006540 0.006540 
x106 0.008095 0.008095 0.008095 0.008094 0.008094 0.008094 
x107 0.016618 0.016618 0.016617 0.016617 0.016617 0.016617 
X108 0.007504 0.007504 0.007503 0.007503 0.007503 0.007503 
x109 0.015373 0.015373 0.015372 0.015372 0.015372 0.015372 
X110 0.003829 0.003829 0.003829 0.003829 0.003829 0.003829 
All 0.007750 0.007750 0.007749 0.007749 0.007749 0.007749 
x112 0.009710 0.009710 0.009710 0.009711 0.009711 0.009711 
x113 0.020048 0.020048 0.020049 0.020049 0.020049 0.020049 
x114 0.005854 0.005854 0.005855 0.005855 0.005855 0.005855 
x115 0.011927 0.011927 0.011928 0.011928 0.011928 0.011928 
x116 0.003811 0.003811 0.003811 0.003811 0.003811 0.003811 
x117 0.007712 0.007712 0.007712 0.007712 0.007712 0.007712 
x118 0.009384 0.009384 0.009384 0.009384 0.009384 0.009384 
x119 0.019352 0.019352 0.019352 0.019352 0.019353 0.019353 
x120 0.007050 0.007050 0.007051 0.007051 0.007051 0.007051 
x121 0.014422 0.014422 0.014422 0.014423 0.014423 0.014423 
x122 0.004683 0.004683 0.004684 0.004684 0.004684 0.004684 
x123 0.009505 0.009505 0.009505 0.009505 0.009506 0.009506 
x124 0.020170 0.020169 0.020167 0.020166 0.020165 0.020165 
x125 0.043424 0.043422 0.043419 0.043416 0.043414 0.043415 
x126 0.006335 0.006334 0.006333 0.006331 0.006330 0.006330 
x127 0.012928 0.012926 0.012923 0.012919 0.012917 0.012918 
x128 0.004077 0.004076 0.004074 0.004072 0.004071 0.004072 
x129 0.008257 0.008255 0.008252 0.008249 0.008247 0.008247 
x130 0.042105 0.042107 0.042110 0.042114 0.042115 0.042115 
x131 0.104168 0.104171 0.104177 0.104183 0.104187 0.104186 
x132 0.016501 0.016503 0.016506 0.016510 0.016512 0.016511 
x133 0.034970 0.034974 0.034981 0.034988 0.034992 0.034991 
x134 0.007660 0.007662 0.007666 0.007669 0.007671 0.007671 
x135 0.015703 0.015707 0.015714 0.015721 0.015725 0.015724 
0.0046 0.0047 0.0048 0.0049 
-0.010534 -0.010535 -0.010535 -0.010535 
-0.035105 -0.035105 -0.035104 -0.035104 
0.678182 0.678183 0.678184 0.678184 
0.001241 0.001241 0.001242 0.001242 
0.002491 0.002492 0.002493 0.002494 
-0.002530 -0.002530 -0.002529 -0.002529 
-0.005023 -0.005022 -0.005021 -0.005020 
-0.027216 -0.027215 -0.027215 -0.027215 
0.625893 0.625893 0.625894 0.625894 
0.010875 0.010875 0.010876 0.010876 
0.457603 0.457604 
0.007158 0.007159 
0.471888 0.471889 
0.031132 0.031131 
0.070960 0.070959 
0.003676 0.003675 
0.007436 0.007435 
0.001983 0.001982 
0.003990 0.003989 
-0.004796 -0.004795 
0.519488 0.519489 
0.004536 0.004537 
0.009202 0.009203 
0.002041 0.002041 
0.004107 0.004108 
0.009005 0.009005 
0.018546 0.018546 
0.004905 0.004905 
0.009963 0.009962 
0.003046 0.003046 
0.006149 0.006148 
0.010496 0.010496 
0.021732 0.021731 
0.006576 0.006576 
0.013429 0.013429 
0.003237 0.003237 
0.006540 0.006539 
0.008094 0.008095 
0.016617 0.016617 
0.007503 0.007504 
0.015372 0.015373 
0.003829 0.003829 
0.007749 0.007750 
0.009711 0.009710 
0.020049 0.020048 
0.005855 0.005854 
0.011928 0.011927 
0.003811 0.003811 
0.007712 0.007712 
0.009384 0.009384 
0.019352 0.019352 
0.007051 0.007050 
0.457604 0.457605 
0.007159 0.007159 
0.471890 0.471890 
0.031131 0.031131 
0.070958 0.070958 
0.003675 0.003675 
0.007434 0.007434 
0.001982 0.001982 
0.003988 0.003987 
-0.004795 -0.004795 
0.519489 0.519490 
0.004537 0.004537 
0.009204 0.009204 
0.002042 0.002042 
0.004109 0.004109 
0.009005 0.009005 
0.018545 0.018545 
0.004905 0.004905 
0.009962 0.009962 
0.003045 0.003045 
0.006148 0.006148 
0.010496 0.010495 
0.021731 0.021731 
0.006575 0.006575 
0.013429 0.013429 
0.003237 0.003237 
0.006539 0.006539 
0.008095 0.008095 
0.016618 0.016618 
0.007504 0.007504 
0.015373 0.015373 
0.003829 0.003829 
0.007750 0.007750 
0.009710 0.009710 
0.020048 0.020048 
0.005854 0.005854 
0.011927 0.011927 
0.003811 0.003811 
0.007712 0.007712 
0.009384 0.009384 
0.019352 0.019352 
0.007050 0.007050 
0.014422 0.014422 0.014422 
0.004684 0.004683 0.004683 
0.009505 0.009505 0.009505 
0.020167 0.020168 0.020169 
0.043417 0.043421 0.043423 
0.006332 0.006334 0.006335 
0.012921 0.012924 0.012927 
0.004073 0.004075 0.004076 
0.008250 0.008253 0.008256 
0.042112 0.042109 0.042106 
0.104181 0.104174 0.104169 
0.016508 0.016505 0.016502 
0.034985 0.034978 0.034972 
0.007668 0.007664 0.007661 
0.015717 0.015710 0.015705 
0.014422 
0.004683 
0.009505 
0.020170 
0.043424 
0.006335 
0.012928 
0.004077 
0.008257 
0.042105 
0.104168 
0.016501 
0.034971 
0.007660 
0.015703 
222 
Appendices 
t 0.0050 0.0051 0.0052 0.0053 0.0054 0.0055 0.0056 0.0057 0.0058 0.0059 
A -0.022679 -0.022678 -0.022678 -0.022678 -0.022678 -0.022678 -0.022678 -0.022679 -0.022679 -0.022679 
x2 -0.023377 -0.023377 -0.023377 -0.023377 -0.023377 -0.023377 -0.023377 -0.023377 -0.023377 -0.023377 
x3 0.991099 0.991099 0.991099 0.991099 0.991099 0.991099 0.991099 0.991099 0.991099 0.991099 
x4 -0.013666 "0.013668 "0.013670 -0.013671 -0.013671 -0.013669 -0.013667 -0.013666 -0.013665 -0.013666 
x5 -0.025985 -0.025987 -0.025989 -0.025990 -0.025989 -0.025988 -0.025986 -0.025984 -0.025984 -0.025985 
x6 0.989215 0.989213 0.989211 0.989210 0.989210 0.989212 0.989214 0.989215 0.989216 0.989215 
x7 -0.010652 -0.010652 -0.010652 -0.010651 -0.010651 -0.010652 -0.010652 -0.010653 -0.010653 -0.010652 
x8 -0.028999 -0.028999 -0.028998 -0.028998 -0.028998 -0.028998 -0.028999 -0.028999 -0.028999 -0.028999 
x9 0.985828 0.985828 0.985828 0.985829 0.985829 0.985828 0.985828 0.985827 0.985827 0.985828 
X10 0.973321 0.973321 0.973321 0.973321 0.973321 0.973321 0.973321 0.973321 0.973321 0.973321 
x11 -0.017811 -0.017811 -0.017811 -0.017810 -0.017811 -0.017811 -0.017811 -0.017811 -0.017811 -0.017811 
x12 -0.010401 -0.010401 -0.010400 -0.010400 -0.010400 -0.010400 -0.010401 -0.010401 -0.010401 -0.010401 
x13 -0.018219 -0.018215 -0.018212 -0.018210 -0.018210 -0.018213 -0.018217 -0.018220 -0.018221 -0.018219 
x14 -0.026694 -0.026690 -0.026687 -0.026685 -0.026685 -0.026689 -0.026692 -0.026696 -0.026696 -0.026694 
x15 0.984233 0.984236 0.984240 0.984242 0.984241 0.984238 0.984234 0.984231 0.984230 0.984233 
x16 -0.009278 -0.009280 -0.009281 -0.009282 -0.009282 -0.009281 -0.009279 -0.009278 -0.009277 -0.009278 
x17 -0.026900 -0.026902 -0.026903 -0.026905 -0.026904 -0.026903 -0.026901 -0.026899 -0.026899 -0.026900 
x18 0.986533 0.986531 0.986529 0.986528 0.986528 0.986530 0.986532 0.986533 0.986534 0.986533 
x19 -0.032522 -0.032524 -0.032526 -0.032527 -0.032527 -0.032525 -0.032523 -0.032522 -0.032521 -0.032522 
x20 0.972168 0.972166 0.972164 0.972163 0.972163 0.972165 0.972167 0.972169 0.972169 0.972168 
x21 -0.015227 -0.015230 -0.015232 -0.015233 -0.015232 -0.015231 -0.015228 -0.015227 -0.015226 -0.015227 
x22 -0.058359 -0.058357 -0.058356 -0.058355 -0.058355 -0.058356 -0.058358 -0.058359 -0.058360 -0.058359 
x23 0.995726 0.995728 0.995729 0.995730 0.995730 0.995728 0.995727 0.995725 0.995725 0.995726 
x24 -0.015324 -0.015322 -0.015320 -0.015319 -0.015320 -0.015321 -0.015323 -0.015324 -0.015325 -0.015324 
x25 -0.045404 -0.045401 -0.045398 -0.045396 -0.045397 -0.045399 -0.045402 -0.045405 -0.045405 -0.045404 
x26 -0.032877 -0.032874 -0.032871 -0.032870 -0.032870 -0.032873 -0.032876 -0.032878 -0.032879 -0.032877 
x27 0.989064 0.989067 0.989070 0.989072 0.989071 0.989069 0.989066 0.989063 0.989062 0.989064 
x28 -0.039354 -0.039354 -0.039354 -0.039354 -0.039354 -0.039354 -0.039354 -0.039354 -0.039354 -0.039354 
x29 0.969708 0.969709 0.969709 0.969709 0.969709 0.969709 0.969709 0.969708 0.969708 0.969708 
x30 -0.021442 -0.021442 -0.021441 -0.021441 -0.021441 -0.021442 -0.021442 -0.021442 -0.021442 -0.021442 
x31 0.916216 0.916217 0.916219 0.916219 0.916219 0.916218 0.916217 0.916215 0.916215 0.916216 
x32 -0.009609 -0.009607 -0.009606 -0.009605 -0.009605 -0.009607 -0.009608 -0.009609 -0.009610 -0.009609 
x33 -0.001882 -0.001880 -0.001879 -0.001878 -0.001878 -0.001879 -0.001881 -0.001882 -0.001882 -0.001882 
x34 -0.038861 -0.038862 -0.038862 -0.038862 -0.038862 -0.038862 -0.038861 -0.038861 -0.038861 -0.038861 
x35 0.968542 0.968542 0.968542 0.968542 0.968542 0.968542 0.968542 0.968543 0.968543 0.968542 
x36 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 
x37 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 
x38 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 
x39 0.991816 0.991816 0.991816 0.991816 0.991816 0.991816 0.991816 0.991816 0.991816 0.991816 
x40 0.002605 0.002604 0.002603 0.002602 0.002602 0.002603 0.002605 0.002606 0.002606 0.002605 
x41 -0.018313 -0.018314 -0.018316 -0.018317 -0.018316 -0.018315 -0.018313 -0.018312 -0.018312 -0.018313 
x42 0.991405 0.991403 0.991402 0.991401 0.991401 0.991402 0.991404 0.991405 0.991406 0.991405 
x43 -0.016473 -0.016472 -0.016471 -0.016470 -0.016470 -0.016471 -0.016473 -0.016473 -0.016474 -0.016473 
x44 0.988346 0.988347 0.988348 0.988349 0.988349 0.988348 0.988347 0.988346 0.988345 0.988346 
x45 -0.006069 -0.006067 -0.006066 -0.006066 -0.006066 -0.006067 -0.006068 -0.006069 -0.006069 -0.006069 
x46 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 
x47 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 
x48 0.990897 0.990898 0.990898 0.990898 0.990898 0.990898 0.990897 0.990897 0.990897 0.990897 
x49 -0.051806 -0.051803 -0.051800 -0.051798 -0.051798 -0.051801 -0.051804 -0.051807 -0.051807 -0.051806 
x50 0.970433 0.970436 0.970440 0.970441 0.970441 0.970438 0.970435 0.970432 0.970431 0.970433 
x51 -0.005973 -0.005970 -0.005967 -0.005965 -0.005965 -0.005968 -0.005972 -0.005974 -0.005975 -0.005973 
x52 1.004972 1.004971 1.004969 1.004969 1.004969 1.004970 1.004972 1.004973 1.004973 1.004972 
x53 -0.011162 -0.011163 -0.011165 -0.011166 -0.011165 "0.011164 -0.011162 -0.011161 -0.011161 -0.011162 
x54 -0.005611 -0.005613 -0.005614 -0.005615 -0.005615 -0.005614 -0.005612 -0.005611 -0.005610 -0.005611 
x55 1.008448 1.008448 1.008448 1.008448 1.008448 1.008448 1.008448 1.008448 1.008448 1.008448 
x56 -0.011619 -0.011618 -0.011618 -0.011618 -0.011618 -0.011618 -0.011618 -0.011619 -0.011619 -0.011619 
x57 -0.008183 -0.008183 -0.008183 -0.008183 -0.008183 -0.008183 -0.008183 -0.008183 -0.008183 -0.008183 
x58 1.009599 1.009603 1.009607 1.009609 1.009608 1.009605 1.009601 1.009598 1.009597 1.009599 
x59 -0.011481 -0.011477 -0.011474 -0.011471 -0.011472 -0.011475 -0.011479 -0.011482 -0.011483 -0.011481 
x60 -0.008537 -0.008533 -0.008530 -0.008527 -0.008528 -0.008531 -0.008535 -0.008539 -0.008540 -0.008537 
x61 -0.055637 -0.055638 -0.055639 -0.055640 -0.055640 -0.055639 -0.055638 -0.055637 -0.055636 -0.055637 
x62 0.015230 0.015229 0.015228 0.015227 0.015228 0.015229 0.015230 0.015231 0.015231 0.015230 
x63 1.014522 1.014521 1.014520 1.014519 1.014519 1.014520 1.014521 1.014522 1.014523 1.014522 
x64 -0.042378 -0.042375 -0.042373 -0.042371 -0.042372 -0.042374 -0.042377 -0.042379 -0.042380 -0.042378 
x65 -0.033384 -0.033381 -0.033378 -0.033376 -0.033376 -0.033379 -0.033382 -0.033385 -0.033385 -0.033384 
x66 0.987008 0.987011 0.987014 0.987016 0.987015 0.987013 0.987010 0.987007 0.987007 0.987008 
x67 0.988170 0.988170 0.988171 0.988171 0.988171 0.988170 0.988170 0.988170 0.988170 0.988170 
x68 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 
223 
Appendices 
t 0.0050 0.0051 0.0052 0.0053 0.0054 0.0055 0.0056 0.0057 0.0058 0.0059 
x69 -0.010535 -0.010534 -0.010534 -0.010534 -0.010534 -0.010534 -0.010535 -0.010535 -0.010535 -0.010535 
x70 -0.035104 -0.035105 -0.035106 -0.035106 -0.035106 -0.035105 -0.035105 -0.035104 -0.035104 -0.035104 
x71 0.678184 0.678182 0.678181 0.678181 0.678181 0.678182 0.678183 0.678184 0.678184 0.678184 
x72 0.001242 0.001241 0.001240 0.001240 0.001240 0.001241 0.001241 0.001242 0.001242 0.001242 
x73 0.002493 0.002492 0.002490 0.002489 0.002490 0.002491 0.002492 0.002493 0.002494 0.002493 
x74 -0.002529 -0.002530 -0.002531 -0.002531 -0.002531 -0.002530 -0.002530 -0.002529 -0.002529 -0.002529 
x75 -0.005021 -0.005023 -0.005024 -0.005025 -0.005025 -0.005023 -0.005022 -0.005021 -0.005020 -0.005021 
x76 -0.027215 -0.027216 -0.027216 -0.027216 -0.027216 -0.027216 -0.027215 -0.027215 -0.027215 -0.027215 
x77 0.625894 0.625893 0.625892 0.625892 0.625892 0.625893 0.625893 0.625894 0.625894 0.625894 
x78 0.010875 0.010875 0.010875 0.010875 0.010875 0.010875 0.010875 0.010876 0.010876 0.010875 
x79 0.457604 0.457604 0.457603 0.457603 0.457603 0.457603 0.457604 0.457604 0.457605 0.457604 
x80 0.007159 0.007159 0.007158 0.007158 0.007158 0.007158 0.007159 0.007159 0.007159 0.007159 
x81 0.471889 0.471889 0.471888 0.471888 0.471888 0.471888 0.471889 0.471890 0.471890 0.471889 
x82 0.031131 0.031131 0.031132 0.031132 0.031132 0.031132 0.031131 0.031131 0.031131 0.031131 
x83 0.070959 0.070960 0.070961 0.070961 0.070961 0.070960 0.070959 0.070958 0.070958 0.070959 
x84 0.003675 0.003676 0.003676 0.003677 0.003676 0.003676 0.003675 0.003675 0.003675 0.003675 
x85 0.007434 0.007436 0.007437 0.007437 0.007437 0.007436 0.007435 0.007434 0.007434 0.007434 
x86 0.001982 0.001983 0.001983 0.001983 0.001983 0.001983 0.001982 0.001982 0.001982 0.001982 
x87 0.003988 0.003989 0.003990 0.003991 0.003991 0.003990 0.003989 0.003988 0.003987 0.003988 
x88 -0.004795 -0.004795 -0.004796 -0.004796 -0.004796 -0.004796 -0.004795 -0.004795 -0.004795 -0.004795 
x89 0.519489 0.519488 0.519487 0.519487 0.519487 0.519488 0.519489 0.519489 0.519490 0.519489 
x90 0.004537 0.004537 0.004536 0.004536 0.004536 0.004536 0.004537 0.004537 0.004537 0.004537 
x91 0.009204 0.009203 0.009202 0.009201 0.009201 0.009202 0.009203 0.009204 0.009204 0.009203 
x92 0.002042 0.002041 0.002041 0.002040 0.002040 0.002041 0.002041 0.002042 0.002042 0.002042 
x93 0.004109 0.004108 0.004107 0.004106 0.004106 0.004107 0.004108 0.004109 0.004109 0.004109 
x94 0.009005 0.009005 0.009005 0.009005 0.009005 0.009005 0.009005 0.009005 0.009005 0.009005 
x95 0.018545 0.018546 0.018546 0.018546 0.018546 0.018546 0.018546 0.018545 0.018545 0.018545 
x96 0.004905 0.004905 0.004905 0.004905 0.004905 0.004905 0.004905 0.004905 0.004905 0.004905 
x97 0.009962 0.009963 0.009963 0.009963 0.009963 0.009963 0.009962 0.009962 0.009962 0.009962 
x98 0.003046 0.003046 0.003046 0.003046 0.003046 0.003046 0.003046 0.003045 0.003045 0.003046 
x99 0.006148 0.006149 0.006149 0.006149 0.006149 0.006149 0.006148 0.006148 0.006148 0.006148 
x100 0.010496 0.010496 0.010496 0.010496 0.010496 0.010496 0.010496 0.010496 0.010495 0.010496 
X101 0.021731 0.021731 0.021732 0.021732 0.021732 0.021732 0.021731 0.021731 0.021731 0.021731 
x102 0.006575 0.006576 0.006576 0.006576 0.006576 0.006576 0.006576 0.006575 0.006575 0.006575 
x103 0.013429 0.013429 0.013430 0.013430 0.013430 0.013429 0.013429 0.013429 0.013429 0.013429 
x104 0.003237 0.003237 0.003238 0.003238 0.003238 0.003237 0.003237 0.003237 0.003237 0.003237 
x105 0.006539 0.006540 0.006540 0.006540 0.006540 0.006540 0.006539 0.006539 0.006539 0.006539 
x106 0.008095 0.008095 0.008094 0.008094 0.008094 0.008094 0.008095 0.008095 0.008095 0.008095 
x107 0.016618 0.016617 0.016617 0.016617 0.016617 0.016617 0.016617 0.016618 0.016618 0.016618 
x108 0.007504 0.007503 0.007503 0.007503 0.007503 0.007503 0.007504 0.007504 0.007504 0.007504 
x109 0.015373 0.015372 0.015372 0.015372 0.015372 0.015372 0.015373 0.015373 0.015373 0.015373 
X110 0.003829 0.003829 0.003829 0.003829 0.003829 0.003829 0.003829 0.003829 0.003829 0.003829 
All 0.007750 0.007749 0.007749 0.007749 0.007749 0.007749 0.007750 0.007750 0.007750 0.007750 
x112 0.009710 0.009710 0.009711 0.009711 0.009711 0.009711 0.009710 0.009710 0.009710 0.009710 
x113 0.020048 0.020049 0.020049 0.020049 0.020049 0.020049 0.020048 0.020048 0.020048 0.020048 
x114 0.005854 0.005855 0.005855 0.005855 0.005855 0.005855 0.005854 0.005854 0.005854 0.005854 
x115 0.011927 0.011928 0.011928 0.011928 0.011928 0.011928 0.011927 0.011927 0.011927 0.011927 
x116 0.003811 0.003811 0.003811 0.003811 0.003811 0.003811 0.003811 0.003811 0.003811 0.003811 
x117 0.007712 0.007712 0.007712 0.007712 0.007712 0.007712 0.007712 0.007712 0.007712 0.007712 
x118 0.009384 0.009384 0.009384 0.009384 0.009384 0.009384 0.009384 0.009384 0.009384 0.009384 
x119 0.019352 0.019352 0.019352 0.019353 0.019353 0.019352 0.019352 0.019352 0.019352 0.019352 
x120 0.007050 0.007051 0.007051 0.007051 0.007051 0.007051 0.007050 0.007050 0.007050 0.007050 
x121 0.014422 0.014422 0.014423 0.014423 0.014423 0.014422 0.014422 0.014422 0.014422 0.014422 
x122 0.004683 0.004684 0.004684 0.004684 0.004684 0.004684 0.004683 0.004683 0.004683 0.004683 
x123 0.009505 0.009505 0.009505 0.009506 0.009506 0.009505 0.009505 0.009505 0.009505 0.009505 
x124 0.020169 0.020167 0.020166 0.020165 0.020165 0.020167 0.020168 0.020169 0.020170 0.020169 
x125 0.043422 0.043419 0.043416 0.043414 0.043415 0.043418 0.043421 0.043423 0.043424 0.043422 
x126 0.006334 0.006333 0.006331 0.006330 0.006330 0.006332 0.006334 0.006335 0.006335 0.006334 
x127 0.012926 0.012923 0.012919 0.012917 0.012918 0.012921 0.012924 0.012927 0.012928 0.012926 
x128 0.004076 0.004074 0.004072 0.004071 0.004072 0.004073 0.004075 0.004076 0.004077 0.004076 
x129 0.008255 0.008252 0.008249 0.008247 0.008247 0.008250 0.008254 0.008256 0.008257 0.008255 
x130 0.042107 0.042110 0.042114 0.042115 0.042115 0.042112 0.042109 0.042106 0.042105 0.042107 
x131 0.104171 0.104177 0.104184 0.104187 0.104186 0.104181 0.104174 0.104169 0.104168 0.104171 
x132 0.016503 0.016506 0.016510 0.016512 0.016511 0.016508 0.016505 0.016502 0.016501 0.016503 
x133 0.034975 0.034981 0.034988 0.034992 0.034991 0.034985 0.034978 0.034972 0.034971 0.034975 
x134 0.007662 0.007666 0.007669 0.007671 0.007671 0.007668 0.007664 0.007661 0.007660 0.007663 
x135 0.015707 0.015714 0.015721 0.015725 0.015723 0.015717 0.015710 0.015705 0.015703 0.015707 
224 
Appendices 
t 0.0060 0.0061 0.0062 0.0063 0.0064 0.0065 0.0066 0.0067 0.0068 0.0069 
X1 -0.022678 -0.022678 -0.022678 -0.022678 -0.022678 -0.022678 -0.022679 -0.022679 -0.022679 -0.022678 
x2 -0.023377 -0.023377 -0.023377 -0.023377 -0.023377 -0.023377 -0.023377 -0.023377 -0.023377 -0.023377 
x3 0.991099 0.991099 0.991099 0.991099 0.991099 0.991099 0.991099 0.991099 0.991099 0.991099 
x4 -0.013668 -0.013670 -0.013671 -0.013671 -0.013669 -0.013667 -0.013666 -0.013665 -0.013666 -0.013668 
x5 -0.025987 -0.025989 -0.025990 -0.025989 -0.025988 -0.025986 -0.025984 -0.025984 -0.025985 -0.025987 
x6 0.989213 0.989211 0.989210 0.989210 0.989212 0.989214 0.989216 0.989216 0.989215 0.989213 
x7 -0.010652 -0.010652 -0.010651 -0.010651 -0.010652 -0.010652 -0.010653 -0.010653 -0.010652 -0.010652 
x8 -0.028999 -0.028998 -0.028998 -0.028998 -0.028998 -0.028999 -0.028999 -0.028999 -0.028999 -0.028999 
x9 0.985828 0.985828 0.985829 0.985829 0.985828 0.985828 0.985827 0.985827 0.985828 0.985828 
X10 0.973321 0.973321 0.973322 0.973321 0.973321 0.973321 0.973321 0.973321 0.973321 0.973321 
x11 -0.017811 -0.017811 -0.017810 -0.017811 -0.017811 -0.017811 -0.017811 -0.017811 -0.017811 -0.017811 
x12 -0.010401 -0.010400 -0.010400 -0.010400 -0.010400 -0.010401 -0.010401 -0.010401 -0.010401 -0.010401 
x13 -0.018215 -0.018212 -0.018210 -0.018210 -0.018213 -0.018217 -0.018220 -0.018221 -0.018219 -0.018215 
x14 -0.026690 -0.026687 -0.026685 -0.026685 -0.026689 -0.026692 -0.026696 -0.026696 -0.026694 -0.026690 
x15 0.984236 0.984240 0.984242 0.984241 0.984238 0.984234 0.984231 0.984230 0.984233 0.984236 
x16 -0.009280 -0.009282 -0.009282 -0.009282 -0.009281 -0.009279 -0.009278 -0.009277 -0.009278 -0.009280 
x17 -0.026902 -0.026904 -0.026905 -0.026904 -0.026903 -0.026901 -0.026899 -0.026899 -0.026900 -0.026902 
x18 0.986531 0.986529 0.986528 0.986528 0.986530 0.986532 0.986533 0.986534 0.986533 0.986531 
X19 -0.032524 -0.032526 -0.032527 -0.032527 -0.032525 -0.032523 -0.032522 -0.032521 -0.032522 -0.032524 
x20 0.972166 0.972164 0.972163 0.972163 0.972165 0.972167 0.972169 0.972169 0.972168 0.972166 
x21 -0.015230 -0.015232 -0.015233 -0.015232 -0.015231 -0.015228 -0.015227 -0.015226 -0.015227 -0.015230 
x22 -0.058357 -0.058356 -0.058355 -0.058355 -0.058356 -0.058358 -0.058359 -0.058360 -0.058359 -0.058357 
x23 0.995728 0.995729 0.995730 0.995730 0.995728 0.995727 0.995725 0.995725 0.995726 0.995728 
x24 -0.015322 -0.015320 -0.015319 -0.015320 -0.015321 -0.015323 -0.015324 -0.015325 -0.015324 -0.015322 
x25 -0.045401 -0.045398 -0.045396 -0.045397 -0.045399 -0.045402 -0.045405 -0.045405 -0.045403 -0.045401 
x26 -0.032874 -0.032871 -0.032870 -0.032870 -0.032873 -0.032876 -0.032878 -0.032879 -0.032877 -0.032874 
x27 0.989067 0.989070 0.989072 0.989071 0.989069 0.989066 0.989063 0.989062 0.989064 0.989067 
x28 -0.039354 -0.039354 -0.039354 -0.039354 -0.039354 -0.039354 -0.039354 -0.039354 -0.039354 -0.039354 
x29 0.969709 0.969709 0.969709 0.969709 0.969709 0.969709 0.969708 0.969708 0.969708 0.969709 
x30 -0.021442 -0.021441 -0.021441 -0.021441 -0.021442 -0.021442 -0.021442 -0.021442 -0.021442 -0.021442 
x31 0.916217 0.916219 0.916219 0.916219 0.916218 0.916217 0.916215 0.916215 0.916216 0.916217 
x32 -0.009607 -0.009606 -0.009605 -0.009605 -0.009607 -0.009608 -0.009609 -0.009610 -0.009609 -0.009607 
x33 -0.001880 -0.001879 -0.001878 -0.001878 -0.001879 -0.001881 -0.001882 -0.001882 -0.001882 -0.001880 
x34 -0.038862 -0.038862 -0.038862 -0.038862 -0.038862 -0.038861 -0.038861 -0.038861 -0.038861 -0.038862 
x35 0.968542 0.968542 0.968542 0.968542 0.968542 0.968542 0.968543 0.968543 0.968542 0.968542 
x36 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 
x37 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 
x38 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 
x39 0.991816 0.991816 0.991816 0.991816 0.991816 0.991816 0.991816 0.991816 0.991816 0.991816 
x40 0.002604 0.002603 0.002602 0.002602 0.002603 0.002605 0.002606 0.002606 0.002605 0.002604 
x41 -0.018314 -0.018316 -0.018317 -0.018316 -0.018315 -0.018313 -0.018312 -0.018312 -0.018313 -0.018314 
x42 0.991403 0.991402 0.991401 0.991401 0.991402 0.991404 0.991405 0.991406 0.991405 0.991403 
x43 -0.016472 -0.016471 -0.016470 -0.016470 -0.016471 -0.016473 -0.016473 -0.016474 -0.016473 -0.016472 
x44 0.988347 0.988348 0.988349 0.988349 0.988348 0.988347 0.988346 0.988345 0.988346 0.988347 
x45 -0.006067 -0.006066 -0.006066 -0.006066 -0.006067 -0.006068 -0.006069 -0.006069 -0.006069 -0.006067 
x46 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 
x47 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 
x48 0.990898 0.990898 0.990898 0.990898 0.990898 0.990897 0.990897 0.990897 0.990897 0.990898 
x49 -0.051803 -0.051800 -0.051798 -0.051798 -0.051801 -0.051804 -0.051807 -0.051807 -0.051806 -0.051802 
x50 0.970436 0.970440 0.970441 0.970441 0.970438 0.970435 0.970432 0.970431 0.970433 0.970436 
x51 -0.005970 -0.005967 -0.005965 -0.005965 -0.005968 -0.005972 -0.005974 -0.005975 -0.005973 -0.005970 
x52 1.004971 1.004969 1.004968 1.004969 1.004970 1.004972 1.004973 1.004973 1.004972 1.004971 
x53 -0.011163 -0.011165 -0.011166 -0.011165 -0.011164 -0.011162 -0.011161 -0.011161 -0.011162 -0.011163 
x54 -0.005613 -0.005614 -0.005615 -0.005615 -0.005614 -0.005612 -0.005611 -0.005610 -0.005611 -0.005613 
x55 1.008448 1.008448 1.008448 1.008448 1.008448 1.008448 1.008448 1.008448 1.008448 1.008448 
x56 -0.011618 -0.011618 -0.011618 -0.011618 -0.011618 -0.011618 -0.011619 -0.011619 -0.011619 -0.011618 
x57 -0.008183 -0.008183 -0.008183 -0.008183 -0.008183 -0.008183 -0.008183 -0.008183 -0.008183 -0.008183 
x58 1.009603 1.009607 1.009609 1.009608 1.009605 1.009601 1.009598 1.009597 1.009599 1.009603 
x59 -0.011477 -0.011473 -0.011471 -0.011472 -0.011475 -0.011479 -0.011482 -0.011483 -0.011481 -0.011477 
x60 -0.008533 -0.008530 -0.008527 -0.008528 -0.008532 -0.008536 -0.008539 -0.008540 -0.008537 -0.008533 
x61 -0.055638 -0.055639 -0.055640 -0.055640 -0.055639 -0.055638 -0.055637 -0.055636 -0.055637 -0.055638 
x62 0.015229 0.015228 0.015227 0.015228 0.015229 0.015230 0.015231 0.015231 0.015230 0.015229 
x63 1.014521 1.014520 1.014519 1.014519 1.014520 1.014521 1.014522 1.014523 1.014522 1.014521 
x64 -0.042375 -0.042373 -0.042371 -0.042372 -0.042374 -0.042377 -0.042379 -0.042380 -0.042378 -0.042375 
x65 -0.033381 -0.033378 -0.033376 -0.033376 -0.033379 -0.033382 -0.033385 -0.033385 -0.033384 -0.033380 
x66 0.987011 0.987014 0.987016 0.987015 0.987013 0.987010 0.987007 0.987007 0.987008 0.987011 
x67 0.988170 0.988171 0.988171 0.988171 0.988170 0.988170 0.988170 0.988170 0.988170 0.988170 
x68 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 
225 
Appendices 
t 0.0060 0.0061 0.0062 0.0063 0.0064 0.0065 0.0066 0.0067 0.0068 0.0069 
x69 -0.010534 -0.010534 -0.010534 -0.010534 -0.010534 -0.010535 -0.010535 -0.010535 -0.010535 -0.010534 
x70 -0.035105 -0.035106 -0.035106 -0.035106 -0.035105 -0.035105 -0.035104 -0.035104 -0.035104 -0.035105 
x71 0.678182 0.678181 0.678181 0.678181 0.678182 0.678183 0.678184 0.678184 0.678184 0.678182 
x72 0.001241 0.001240 0.001240 0.001240 0.001241 0.001241 0.001242 0.001242 0.001242 0.001241 
x73 0.002492 0.002490 0.002489 0.002490 0.002491 0.002492 0.002493 0.002494 0.002493 0.002491 
x74 -0.002530 -0.002531 -0.002531 -0.002531 -0.002530 -0.002530 -0.002529 -0.002529 -0.002529 -0.002530 
x75 -0.005023 -0.005024 -0.005025 -0.005025 -0.005023 "0.005022 -0.005021 -0.005020 -0.005021 -0.005023 
x76 -0.027216 -0.027216 -0.027216 -0.027216 -0.027216 -0.027215 -0.027215 -0.027215 -0.027215 -0.027216 
x77 0.625893 0.625892 0.625892 0.625892 0.625893 0.625893 0.625894 0.625894 0.625894 0.625893 
x78 0.010875 0.010875 0.010875 0.010875 0.010875 0.010875 0.010876 0.010876 0.010875 0.010875 
x79 0.457604 0.457603 0.457603 0.457603 0.457603 0.457604 0.457604 0.457605 0.457604 0.457604 
x80 0.007159 0.007158 0.007158 0.007158 0.007158 0.007159 0.007159 0.007159 0.007159 0.007159 
x81 0.471889 0.471888 0.471888 0.471888 0.471888 0.471889 0.471890 0.471890 0.471889 0.471889 
x82 0.031131 0.031132 0.031132 0.031132 0.031132 0.031131 0.031131 0.031131 0.031131 0.031131 
x83 0.070960 0.070961 0.070961 0.070961 0.070960 0.070959 0.070958 0.070958 0.070959 0.070960 
x84 0.003676 0.003676 0.003677 0.003676 0.003676 0.003675 0.003675 0.003675 0.003675 0.003676 
x85 0.007436 0.007437 0.007437 0.007437 0.007436 0.007435 0.007434 0.007434 0.007434 0.007436 
x86 0.001983 0.001983 0.001983 0.001983 0.001983 0.001982 0.001982 0.001982 0.001982 0.001983 
x87 0.003989 0.003990 0.003991 0.003991 0.003990 0.003989 0.003988 0.003987 0.003988 0.003989 
x88 -0.004795 -0.004796 -0.004796 -0.004796 -0.004796 -0.004795 -0.004795 -0.004795 -0.004795 -0.004795 
x89 0.519488 0.519487 0.519487 0.519487 0.519488 0.519489 0.519489 0.519490 0.519489 0.519488 
x90 0.004537 0.004536 0.004536 0.004536 0.004536 0.004537 0.004537 0.004537 0.004537 0.004537 
x91 0.009203 0.009202 0.009201 0.009201 0.009202 0.009203 0.009204 0.009204 0.009203 0.009202 
x92 0.002041 0.002041 0.002040 0.002040 0.002041 0.002041 0.002042 0.002042 0.002042 0.002041 
x93 0.004108 0.004107 0.004106 0.004106 0.004107 0.004108 0.004109 0.004109 0.004109 0.004108 
x94 0.009005 0.009005 0.009005 0.009005 0.009005 0.009005 0.009005 0.009005 0.009005 0.009005 
x95 0.018546 0.018546 0.018546 0.018546 0.018546 0.018546 0.018545 0.018545 0.018545 0.018546 
x96 0.004905 0.004905 0.004905 0.004905 0.004905 0.004905 0.004905 0.004905 0.004905 0.004905 
x97 0.009963 0.009963 0.009963 0.009963 0.009963 0.009962 0.009962 0.009962 0.009962 0.009963 
x98 0.003046 0.003046 0.003046 0.003046 0.003046 0.003046 0.003045 0.003045 0.003046 0.003046 
x99 0.006149 0.006149 0.006149 0.006149 0.006149 0.006148 0.006148 0.006148 0.006148 0.006149 
x100 0.010496 0.010496 0.010496 0.010496 0.010496 0.010496 0.010496 0.010495 0.010496 0.010496 
X101 0.021731 0.021732 0.021732 0.021732 0.021732 0.021731 0.021731 0.021731 0.021731 0.021731 
x102 0.006576 0.006576 0.006576 0.006576 0.006576 0.006576 0.006575 0.006575 0.006575 0.006576 
x103 0.013429 0.013430 0.013430 0.013430 0.013429 0.013429 0.013429 0.013429 0.013429 0.013429 
x104 0.003237 0.003238 0.003238 0.003238 0.003237 0.003237 0.003237 0.003237 0.003237 0.003237 
x105 0.006540 0.006540 0.006540 0.006540 0.006540 0.006539 0.006539 0.006539 0.006539 0.006540 
x106 0.008095 0.008094 0.008094 0.008094 0.008094 0.008095 0.008095 0.008095 0.008095 0.008095 
x107 0.016617 0.016617 0.016617 0.016617 0.016617 0.016617 0.016618 0.016618 0.016618 0.016617 
x108 0.007503 0.007503 0.007503 0.007503 0.007503 0.007504 0.007504 0.007504 0.007504 0.007503 
x109 0.015372 0.015372 0.015372 0.015372 0.015372 0.015373 0.015373 0.015373 0.015373 0.015372 
X110 0.003829 0.003829 0.003829 0.003829 0.003829 0.003829 0.003829 0.003829 0.003829 0.003829 
X111 0.007749 0.007749 0.007749 0.007749 0.007749 0.007750 0.007750 0.007750 0.007750 0.007749 
x112 0.009710 0.009711 0.009711 0.009711 0.009711 0.009710 0.009710 0.009710 0.009710 0.009710 
x113 0.020049 0.020049 0.020049 0.020049 0.020049 0.020048 0.020048 0.020048 0.020048 0.020049 
x114 0.005855 0.005855 0.005855 0.005855 0.005855 0.005854 0.005854 0.005854 0.005854 0.005855 
x115 0.011928 0.011928 0.011928 0.011928 0.011928 0.011927 0.011927 0.011927 0.011927 0.011928 
x116 0.003811 0.003811 0.003811 0.003811 0.003811 0.003811 0.003811 0.003811 0.003811 0.003811 
x117 0.007712 0.007712 0.007712 0.007712 0.007712 0.007712 0.007712 0.007712 0.007712 0.007712 
x118 0.009384 0.009384 0.009384 0.009384 0.009384 0.009384 0.009384 0.009384 0.009384 0.009384 
x119 0.019352 0.019352 0.019353 0.019353 0.019352 0.019352 0.019352 0.019352 0.019352 0.019352 
x120 0.007051 0.007051 0.007051 0.007051 0.007051 0.007050 0.007050 0.007050 0.007050 0.007051 
x121 0.014422 0.014423 0.014423 0.014423 0.014422 0.014422 0.014422 0.014422 0.014422 0.014422 
x122 0.004684 0.004684 0.004684 0.004684 0.004684 0.004683 0.004683 0.004683 0.004683 0.004684 
x123 0.009505 0.009505 0.009506 0.009506 0.009505 0.009505 0.009505 0.009505 0.009505 0.009505 
x124 0.020167 0.020166 0.020165 0.020165 0.020167 0.020168 0.020169 0.020170 0.020169 0.020167 
x125 0.043419 0.043416 0.043414 0.043415 0.043418 0.043421 0.043423 0.043424 0.043422 0.043419 
x126 0.006333 0.006331 0.006330 0.006330 0.006332 0.006334 0.006335 0.006335 0.006334 0.006333 
x127 0.012923 0.012919 0.012917 0.012918 0.012921 0.012924 0.012927 0.012928 0.012926 0.012922 
x128 0.004074 0.004072 0.004071 0.004072 0.004073 0.004075 0.004076 0.004077 0.004076 0.004074 
x129 0.008252 0.008248 0.008247 0.008247 0.008250 0.008254 0.008256 0.008257 0.008255 0.008252 
x130 0.042111 0.042114 0.042115 0.042115 0.042112 0.042109 0.042106 0.042105 0.042107 0.042111 
x131 0.104178 0.104184 0.104187 0.104186 0.104181 0.104174 0.104169 0.104168 0.104171 0.104178 
x132 0.016506 0.016510 0.016512 0.016511 0.016508 0.016504 0.016502 0.016501 0.016503 0.016506 
x133 0.034981 0.034988 0.034992 0.034991 0.034985 0.034978 0.034972 0.034971 0.034975 0.034982 
x134 0.007666 0.007669 0.007671 0.007671 0.007668 0.007664 0.007661 0.007660 0.007663 0.007666 
x135 0.015714 0.015721 0.015725 0.015723 0.015717 0.015710 0.015705 0.015703 0.015707 0.015714 
226 
Appendices 
t 0.0070 0.0071 0.0072 0.0073 0.0074 0.0075 0.0076 0.0077 0.0078 0.0079 
X1 -0.022678 -0.022678 -0.022678 -0.022678 -0.022678 -0.022679 -0.022679 -0.022679 -0.022678 -0.022678 
x2 -0.023377 -0.023377 -0.023377 -0.023377 -0.023377 -0.023377 -0.023377 -0.023377 -0.023377 -0.023377 
x3 0.991099 0.991099 0.991099 0.991099 0.991099 0.991099 0.991099 0.991099 0.991099 0.991099 
x4 -0.013670 -0.013671 -0.013671 -0.013669 -0.013667 -0.013666 -0.013665 -0.013666 -0.013668 -0.013670 
x5 -0.025989 -0.025990 -0.025989 -0.025988 -0.025986 -0.025984 -0.025984 -0.025985 -0.025987 -0.025989 
x6 0.989211 0.989210 0.989210 0.989212 0.989214 0.989216 0.989216 0.989215 0.989213 0.989211 
x7 -0.010652 -0.010651 -0.010651 -0.010652 -0.010652 -0.010653 -0.010653 -0.010652 -0.010652 -0.010652 
x8 -0.028998 -0.028998 -0.028998 -0.028998 -0.028999 -0.028999 -0.028999 -0.028999 -0.028999 -0.028998 
x9 0.985828 0.985829 0.985829 0.985828 0.985828 0.985827 0.985827 0.985828 0.985828 0.985828 
X10 0.973321 0.973322 0.973321 0.973321 0.973321 0.973321 0.973321 0.973321 0.973321 0.973321 
x11 -0.017811 -0.017810 -0.017811 -0.017811 -0.017811 -0.017811 -0.017811 -0.017811 -0.017811 -0.017811 
x12 -0.010400 -0.010400 -0.010400 -0.010400 -0.010401 -0.010401 -0.010401 -0.010401 -0.010401 -0.010400 
x13 -0.018212 -0.018210 -0.018210 -0.018213 -0.018217 -0.018220 -0.018221 -0.018219 -0.018215 -0.018212 
x14 -0.026687 -0.026685 -0.026685 -0.026689 -0.026693 -0.026696 -0.026696 -0.026694 -0.026690 -0.026687 
x15 0.984240 0.984242 0.984241 0.984238 0.984234 0.984231 0.984230 0.984233 0.984236 0.984240 
x16 -0.009282 -0.009282 -0.009282 -0.009281 -0.009279 -0.009278 -0.009277 -0.009278 -0.009280 -0.009282 
x17 -0.026904 -0.026905 -0.026904 -0.026903 -0.026901 -0.026899 -0.026899 -0.026900 -0.026902 -0.026904 
x18 0.986529 0.986528 0.986528 0.986530 0.986532 0.986533 0.986534 0.986533 0.986531 0.986529 
x19 -0.032526 -0.032527 -0.032527 -0.032525 -0.032523 -0.032522 -0.032521 -0.032522 -0.032524 -0.032526 
x20 0.972164 0.972163 0.972163 0.972165 0.972167 0.972169 0.972169 0.972168 0.972166 0.972164 
x21 -0.015232 -0.015233 -0.015232 -0.015231 -0.015228 -0.015227 -0.015226 -0.015228 -0.015230 -0.015232 
x22 -0.058356 -0.058355 -0.058355 -0.058356 -0.058358 -0.058359 -0.058360 -0.058359 -0.058357 -0.058356 
x23 0.995729 0.995730 0.995730 0.995728 0.995727 0.995725 0.995725 0.995726 0.995728 0.995729 
x24 -0.015320 -0.015319 -0.015320 -0.015321 -0.015323 -0.015324 -0.015325 -0.015324 -0.015322 -0.015320 
x25 -0.045398 -0.045396 -0.045397 -0.045399 -0.045402 -0.045405 -0.045405 -0.045403 -0.045401 -0.045398 
x26 -0.032871 -0.032870 -0.032870 -0.032873 -0.032876 -0.032878 -0.032879 -0.032877 -0.032874 -0.032871 
x27 0.989070 0.989072 0.989071 0.989069 0.989066 0.989063 0.989062 0.989064 0.989067 0.989070 
x28 -0.039354 -0.039354 -0.039354 -0.039354 -0.039354 -0.039354 -0.039354 -0.039354 -0.039354 -0.039354 
x29 0.969709 0.969709 0.969709 0.969709 0.969709 0.969708 0.969708 0.969708 0.969709 0.969709 
x30 -0.021441 -0.021441 -0.021441 -0.021442 -0.021442 -0.021442 -0.021442 -0.021442 -0.021442 -0.021441 
x31 0.916219 0.916219 0.916219 0.916218 0.916217 0.916215 0.916215 0.916216 0.916217 0.916219 
x32 -0.009606 -0.009605 -0.009605 -0.009607 -0.009608 -0.009609 -0.009610 -0.009609 -0.009607 -0.009606 
x33 -0.001879 -0.001878 -0.001878 -0.001879 -0.001881 -0.001882 -0.001882 -0.001882 -0.001880 -0.001879 
x34 -0.038862 -0.038862 -0.038862 -0.038862 -0.038861 -0.038861 -0.038861 -0.038861 -0.038862 -0.038862 
x35 0.968542 0.968542 0.968542 0.968542 0.968542 0.968543 0.968543 0.968542 0.968542 0.968542 
x36 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 
x37 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 
x38 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 
x39 0.991816 0.991816 0.991816 0.991816 0.991816 0.991816 0.991816 0.991816 0.991816 0.991816 
x40 0.002602 0.002602 0.002602 0.002603 0.002605 0.002606 0.002606 0.002605 0.002604 0.002602 
x41 -0.018316 -0.018317 -0.018316 -0.018315 -0.018313 -0.018312 -0.018312 -0.018313 -0.018314 -0.018316 
x42 0.991402 0.991401 0.991401 0.991402 0.991404 0.991405 0.991406 0.991405 0.991403 0.991402 
x43 -0.016471 -0.016470 -0.016470 -0.016471 -0.016473 -0.016473 -0.016474 -0.016473 -0.016472 -0.016471 
x44 0.988348 0.988349 0.988349 0.988348 0.988347 0.988346 0.988345 0.988346 0.988347 0.988348 
x45 -0.006066 -0.006066 -0.006066 -0.006067 -0.006068 -0.006069 -0.006069 -0.006069 -0.006067 -0.006066 
x46 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 
x47 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 
x48 0.990898 0.990898 0.990898 0.990898 0.990897 0.990897 0.990897 0.990897 0.990898 0.990898 
x49 -0.051800 -0.051798 -0.051798 -0.051801 -0.051804 -0.051807 -0.051807 -0.051806 -0.051802 -0.051799 
x50 0.970440 0.970441 0.970441 0.970438 0.970435 0.970432 0.970431 0.970433 0.970436 0.970440 
x51 -0.005967 -0.005965 -0.005965 -0.005968 -0.005972 -0.005974 -0.005975 -0.005973 -0.005970 -0.005967 
x52 1.004969 1.004968 1.004969 1.004970 1.004972 1.004973 1.004973 1.004972 1.004971 1.004969 
x53 -0.011165 -0.011166 -0.011165 -0.011164 -0.011162 -0.011161 -0.011161 -0.011162 -0.011163 -0.011165 
x54 -0.005614 -0.005615 -0.005615 -0.005614 -0.005612 -0.005611 -0.005610 -0.005611 -0.005613 -0.005614 
x55 1.008448 1.008448 1.008448 1.008448 1.008448 1.008448 1.008448 1.008448 1.008448 1.008448 
x56 -0.011618 -0.011618 -0.011618 -0.011618 -0.011618 "0.011619 -0.011619 -0.011619 -0.011618 -0.011618 
x57 -0.008183 -0.008183 -0.008183 -0.008183 -0.008183 "0.008183 -0.008183 -0.008183 -0.008183 -0.008183 
x58 1.009607 1.009609 1.009608 1.009605 1.009601 1.009598 1.009597 1.009600 1.009603 1.009607 
x59 -0.011473 -0.011471 -0.011472 -0.011475 -0.011479 -0.011483 -0.011483 -0.011481 -0.011477 -0.011473 
x60 -0.008530 -0.008527 -0.008528 -0.008532 -0.008536 -0.008539 -0.008540 -0.008537 -0.008533 -0.008530 
x61 -0.055639 -0.055640 -0.055640 -0.055639 -0.055638 -0.055637 -0.055636 -0.055637 -0.055638 -0.055639 
x62 0.015228 0.015227 0.015228 0.015229 0.015230 0.015231 0.015231 0.015230 0.015229 0.015228 
x63 1.014520 1.014519 1.014519 1.014520 1.014521 1.014522 1.014523 1.014522 1.014521 1.014520 
x64 -0.042373 -0.042371 -0.042372 -0.042374 -0.042377 -0.042379 -0.042380 -0.042378 -0.042375 -0.042373 
x65 -0.033378 -0.033376 -0.033376 -0.033379 -0.033382 -0.033385 -0.033385 -0.033383 -0.033380 -0.033378 
x66 0.987014 0.987016 0.987015 0.987013 0.987010 0.987007 0.987007 0.987008 0.987011 0.987014 
x67 0.988171 0.988171 0.988171 0.988170 0.988170 0.988170 0.988170 0.988170 0.988170 0.988171 
x68 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 
227 
Appendices 
t 0.0070 0.0071 0.0072 0.0073 0.0074 
x69 -0.010534 -0.010534 -0.010534 -0.010534 -0.010535 
x70 -0.035106 -0.035106 -0.035106 -0.035105 -0.035105 
x71 0.678181 0.678181 0.678181 0.678182 0.678183 
x72 0.001240 0.001240 0.001240 0.001241 0.001241 
x73 0.002490 0.002489 0.002490 0.002491 0.002492 
x74 -0.002531 -0.002531 -0.002531 -0.002530 -0.002530 
x75 -0.005024 -0.005025 -0.005025 -0.005023 -0.005022 
x76 -0.027216 -0.027216 -0.027216 -0.027216 -0.027215 
x77 0.625892 0.625892 0.625892 0.625893 0.625893 
x78 0.010875 0.010875 0.010875 0.010875 0.010875 
x79 0.457603 0.457603 0.457603 0.457603 0.457604 
x80 0.007158 0.007158 0.007158 0.007158 0.007159 
x81 0.471888 0.471888 0.471888 0.471888 0.471889 
x82 0.031132 0.031132 0.031132 0.031132 0.031131 
x83 0.070961 0.070961 0.070961 0.070960 0.070959 
x84 0.003676 0.003677 0.003676 0.003676 0.003675 
x85 0.007437 0.007437 0.007437 0.007436 0.007435 
x86 0.001983 0.001983 0.001983 0.001983 0.001982 
x87 0.003990 0.003991 0.003991 0.003990 0.003989 
x88 -0.004796 -0.004796 -0.004796 -0.004796 -0.004795 
x89 0.519487 0.519487 0.519487 0.519488 0.519489 
x90 0.004536 0.004536 0.004536 0.004536 0.004537 
x91 0.009202 0.009201 0.009201 0.009202 0.009203 
x92 0.002041 0.002040 0.002040 0.002041 0.002041 
x93 0.004107 0.004106 0.004106 0.004107 0.004108 
x94 0.009005 0.009005 0.009005 0.009005 0.009005 
x95 0.018546 0.018546 0.018546 0.018546 0.018546 
x96 0.004905 0.004905 0.004905 0.004905 0.004905 
x97 0.009963 0.009963 0.009963 0.009963 0.009962 
x98 0.003046 0.003046 0.003046 0.003046 0.003046 
x99 0.006149 0.006149 0.006149 0.006149 0.006148 
x100 0.010496 0.010496 0.010496 0.010496 0.010496 
X101 0.021732 0.021732 0.021732 0.021732 0.021731 
x102 0.006576 0.006576 0.006576 0.006576 0.006576 
x103 0.013430 0.013430 0.013430 0.013429 0.013429 
x104 0.003238 0.003238 0.003238 0.003237 0.003237 
x105 0.006540 0.006540 0.006540 0.006540 0.006539 
x106 0.008094 0.008094 0.008094 0.008094 0.008095 
x107 0.016617 0.016617 0.016617 0.016617 0.016617 
x108 0.007503 0.007503 0.007503 0.007503 0.007504 
x109 0.015372 0.015372 0.015372 0.015372 0.015373 
X110 0.003829 0.003829 0.003829 0.003829 0.003829 
X111 0.007749 0.007749 0.007749 0.007749 0.007750 
x112 0.009711 0.009711 0.009711 0.009711 0.009710 
x113 0.020049 0.020049 0.020049 0.020049 0.020048 
x114 0.005855 0.005855 0.005855 0.005855 0.005854 
x115 0.011928 0.011928 0.011928 0.011928 0.011927 
x116 0.003811 0.003811 0.003811 0.003811 0.003811 
x117 0.007712 0.007712 0.007712 0.007712 0.007712 
x118 0.009384 0.009384 0.009384 0.009384 0.009384 
X119 0.019352 0.019353 0.019353 0.019352 0.019352 
x120 0.007051 0.007051 0.007051 0.007051 0.007050 
x121 0.014423 0.014423 0.014423 0.014422 0.014422 
x122 0.004684 0.004684 0.004684 0.004684 0.004683 
x123 0.009505 0.009506 0.009506 0.009505 0.009505 
x124 0.020166 0.020165 0.020165 0.020167 0.020168 
x125 0.043416 0.043414 0.043415 0.043418 0.043421 
x126 0.006331 0.006330 0.006330 0.006332 0.006334 
x127 0.012919 0.012917 0.012918 0.012921 0.012924 
x128 0.004072 0.004071 0.004072 0.004073 0.004075 
x129 0.008248 0.008247 0.008247 0.008250 0.008254 
x130 0.042114 0.042115 0.042115 0.042112 0.042109 
x131 0.104184 0.104187 0.104186 0.104180 0.104174 
x132 0.016510 0.016512 0.016511 0.016508 0.016504 
x133 0.034988 0.034992 0.034991 0.034985 0.034978 
A34 0.007669 0.007671 0.007671 0.007668 0.007664 
x135 0.015721 0.015725 0.015723 0.015717 0.015710 
0.0075 0.0076 0.0077 0.0078 0.0079 
-0.010535 -0.010535 -0.010535 -0.010534 -0.010534 
-0.035104 -0.035104 -0.035104 -0.035105 -0.035106 
0.678184 0.678184 0.678184 0.678182 0.678181 
0.001242 0.001242 0.001242 0.001241 0.001240 
0.002493 0.002494 0.002493 0.002491 0.002490 
-0.002529 -0.002529 -0.002529 -0.002530 -0.002531 
-0.005021 -0.005020 -0.005021 -0.005023 -0.005024 
-0.027215 -0.027215 -0.027215 -0.027216 -0.027216 
0.625894 0.625894 0.625894 0.625893 0.625892 
0.010876 0.010876 0.010875 0.010875 0.010875 
0.457604 0.457605 0.457604 0.457604 0.457603 
0.007159 0.007159 0.007159 0.007159 0.007158 
0.471890 0.471890 0.471889 0.471889 0.471888 
0.031131 0.031131 0.031131 
0.070958 0.070958 0.070959 
0.003675 0.003675 0.003675 
0.007434 0.007434 0.007434 
0.001982 0.001982 0.001982 
0.003988 0.003987 0.003988 
-0.004795 -0.004795 -0.004795 
0.519489 0.519490 0.519489 
0.004537 0.004537 0.004537 
0.009204 0.009204 0.009203 
0.002042 0.002042 0.002042 
0.004109 0.004109 0.004109 
0.009005 0.009005 0.009005 
0.018545 0.018545 0.018545 
0.004905 0.004905 0.004905 
0.009962 0.009962 0.009962 
0.003045 0.003045 0.003046 
0.006148 0.006148 0.006148 
0.010496 0.010495 0.010496 
0.021731 0.021731 0.021731 
0.006575 0.006575 0.006575 
0.013429 0.013429 0.013429 
0.003237 0.003237 0.003237 
0.006539 0.006539 0.006539 
0.008095 0.008095 0.008095 
0.016618 0.016618 0.016618 
0.007504 0.007504 0.007504 
0.015373 0.015373 0.015373 
0.003829 0.003829 0.003829 
0.007750 0.007750 0.007750 
0.009710 0.009710 0.009710 
0.020048 0.020048 0.020048 
0.005854 0.005854 0.005854 
0.011927 0.011927 0.011927 
0.003811 0.003811 0.003811 
0.007712 0.007712 0.007712 
0.009384 0.009384 0.009384 
0.019352 0.019352 0.019352 
0.031131 0.031132 
0.070960 0.070961 
0.003676 0.003676 
0.007436 0.007437 
0.001983 0.001983 
0.003989 0.003990 
-0.004795 -0.004796 
0.519488 0.519487 
0.004537 0.004536 
0.009202 0.009202 
0.002041 0.002041 
0.004108 0.004107 
0.009005 0.009005 
0.018546 0.018546 
0.004905 0.004905 
0.009963 0.009963 
0.003046 0.003046 
0.006149 0.006149 
0.010496 0.010496 
0.021731 0.021732 
0.006576 0.006576 
0.013429 0.013430 
0.003237 0.003238 
0.006540 0.006540 
0.008095 0.008094 
0.016617 0.016617 
0.007503 0.007503 
0.015372 0.015372 
0.003829 0.003829 
0.007749 0.007749 
0.009710 0.009711 
0.020049 0.020049 
0.005855 0.005855 
0.011928 0.011928 
0.003811 0.003811 
0.007712 0.007712 
0.009384 0.009384 
0.019352 0.019352 
0.007050 0.007050 0.007050 0.007051 0.007051 
0.014422 0.014422 0.014422 0.014422 0.014423 
0.004683 0.004683 0.004683 0.004684 0.004684 
0.009505 0.009505 0.009505 0.009505 0.009505 
0.020169 0.020170 0.020169 0.020167 0.020166 
0.043423 0.043424 0.043422 0.043419 0.043416 
0.006335 0.006335 0.006334 0.006333 0.006331 
0.012927 0.012928 0.012926 0.012922 0.012919 
0.004076 0.004077 0.004076 0.004074 0.004072 
0.008256 0.008257 0.008255 0.008252 0.008248 
0.042106 0.042106 0.042107 0.042111 0.042114 
0.104169 0.104168 0.104171 0.104178 0.104184 
0.016502 0.016501 0.016503 0.016506 0.016510 
0.034972 0.034971 0.034975 0.034982 0.034988 
0.007661 0.007660 0.007663 0.007666 0.007669 
0.015705 0.015703 0.015707 0.015714 0.015721 
228 
Appendices 
t 0.0080 0.0081 0.0082 0.0083 0.0084 0.0085 0.0086 
X1 -0.022678 -0.022678 -0.022678 -0.022678 -0.022679 -0.022679 -0.022679 
x2 -0.023377 -0.023377 -0.023377 -0.023377 -0.023377 -0.023377 -0.023377 
x3 0.991099 0.991099 0.991099 0.991099 0.991099 0.991099 0.991099 
x4 -0.013671 -0.013671 -0.013669 -0.013667 -0.013666 -0.013665 -0.013667 
x5 -0.025990 -0.025989 -0.025988 -0.025986 -0.025984 -0.025984 -0.025985 
x6 0.989210 0.989210 0.989212 0.989214 0.989216 0.989216 0.989215 
x7 -0.010651 -0.010651 -0.010652 -0.010652 -0.010653 -0.010653 -0.010652 
x8 -0.028998 -0.028998 -0.028998 -0.028999 -0.028999 -0.028999 -0.028999 
x9 0.985829 0.985829 0.985828 0.985828 0.985827 0.985827 0.985828 
X10 0.973322 0.973321 0.973321 0.973321 0.973321 0.973321 0.973321 
x11 -0.017810 -0.017811 -0.017811 -0.017811 -0.017811 -0.017811 -0.017811 
x12 -0.010400 -0.010400 -0.010400 -0.010401 -0.010401 -0.010401 -0.010401 
x13 -0.018210 -0.018210 -0.018214 -0.018217 -0.018220 -0.018221 -0.018218 
x14 -0.026685 -0.026685 -0.026689 -0.026693 -0.026696 -0.026696 -0.026694 
x15 0.984242 0.984241 0.984238 0.984234 0.984231 0.984230 0.984233 
A6 -0.009282 -0.009282 -0.009281 -0.009279 -0.009278 -0.009277 -0.009278 
x17 -0.026905 -0.026904 -0.026903 -0.026901 -0.026899 -0.026899 -0.026900 
x18 0.986528 0.986528 0.986530 0.986532 0.986533 0.986534 0.986533 
x19 -0.032527 -0.032527 -0.032525 -0.032523 -0.032522 -0.032521 -0.032522 
x20 0.972163 0.972163 0.972165 0.972167 0.972169 0.972169 0.972168 
x21 -0.015233 -0.015232 -0.015230 -0.015228 -0.015227 -0.015226 -0.015228 
x22 -0.058355 -0.058355 -0.058356 -0.058358 -0.058359 -0.058360 -0.058359 
x23 0.995730 0.995730 0.995728 0.995727 0.995725 0.995725 0.995726 
x24 -0.015319 -0.015320 -0.015321 -0.015323 -0.015324 -0.015325 -0.015324 
x25 -0.045396 -0.045397 -0.045399 -0.045402 -0.045405 -0.045405 -0.045403 
x26 -0.032870 -0.032870 -0.032873 -0.032876 -0.032878 -0.032879 -0.032877 
x27 0.989072 0.989071 0.989069 0.989066 0.989063 0.989062 0.989064 
x28 -0.039354 -0.039354 -0.039354 -0.039354 -0.039354 -0.039354 -0.039354 
x29 0.969709 0.969709 0.969709 0.969709 0.969708 0.969708 0.969708 
x30 -0.021441 -0.021441 -0.021442 -0.021442 -0.021442 -0.021442 -0.021442 
x31 0.916219 0.916219 0.916218 0.916216 0.916215 0.916215 0.916216 
x32 -0.009605 -0.009605 -0.009607 -0.009608 -0.009609 -0.009610 -0.009609 
x33 -0.001878 -0.001878 -0.001879 -0.001881 -0.001882 -0.001882 -0.001882 
x34 -0.038862 -0.038862 -0.038862 -0.038861 -0.038861 -0.038861 -0.038861 
x35 0.968542 0.968542 0.968542 0.968542 0.968543 0.968543 0.968542 
x36 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 
x37 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 
x38 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 
x39 0.991816 0.991816 0.991816 0.991816 0.991816 0.991816 0.991816 
x40 0.002602 0.002602 0.002603 0.002605 0.002606 0.002606 0.002605 
x41 -0.018317 -0.018316 -0.018315 -0.018313 -0.018312 -0.018312 -0.018313 
x42 0.991401 0.991401 0.991402 0.991404 0.991405 0.991406 0.991405 
x43 -0.016470 -0.016470 -0.016471 -0.016473 -0.016473 -0.016474 -0.016473 
x44 0.988349 0.988349 0.988348 0.988347 0.988346 0.988345 0.988346 
x45 -0.006066 -0.006066 -0.006067 -0.006068 -0.006069 -0.006069 -0.006069 
x46 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 
x47 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 
x48 0.990898 0.990898 0.990898 0.990897 0.990897 0.990897 0.990897 
x49 -0.051798 -0.051798 -0.051801 -0.051804 -0.051807 -0.051807 -0.051806 
x50 0.970441 0.970441 0.970438 0.970435 0.970432 0.970431 0.970433 
x51 -0.005965 -0.005965 -0.005968 -0.005972 -0.005974 -0.005975 -0.005973 
x52 1.004968 1.004969 1.004970 1.004972 1.004973 1.004973 1.004972 
x53 -0.011166 -0.011165 -0.011164 -0.011162 -0.011161 -0.011161 -0.011162 
x54 -0.005615 -0.005615 -0.005614 -0.005612 -0.005611 -0.005610 -0.005611 
x55 1.008448 1.008448 1.008448 1.008448 1.008448 1.008448 1.008448 
x56 -0.011618 -0.011618 -0.011618 -0.011618 -0.011619 -0.011619 -0.011619 
x57 -0.008183 -0.008183 -0.008183 -0.008183 -0.008183 -0.008183 -0.008183 
x58 1.009609 1.009608 1.009605 1.009601 1.009598 1.009597 1.009600 
x59 -0.011471 -0.011472 -0.011475 -0.011479 -0.011483 -0.011483 -0.011481 
x60 -0.008527 -0.008528 -0.008532 -0.008536 -0.008539 -0.008540 -0.008537 
x61 -0.055640 -0.055640 -0.055639 -0.055638 -0.055637 -0.055636 -0.055637 
x62 0.015227 0.015228 0.015229 0.015230 0.015231 0.015231 0.015230 
x63 1.014519 1.014519 1.014520 1.014521 1.014522 1.014523 1.014522 
x64 -0.042371 -0.042372 -0.042374 -0.042377 -0.042379 -0.042380 -0.042378 
x65 -0.033376 -0.033376 -0.033379 -0.033382 -0.033385 -0.033385 -0.033383 
x66 0.987016 0.987015 0.987013 0.987010 0.987007 0.987007 0.987008 
x67 0.988171 0.988171 0.988170 0.988170 0.988170 0.988170 0.988170 
x68 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 
0.0087 0.0088 0.0089 
-0.022678 -0.022678 -0.022678 
-0.023377 -0.023377 -0.023377 
0.991099 0.991099 0.991099 
-0.013668 -0.013670 -0.013671 
-0.025987 -0.025989 -0.025990 
0.989213 0.989211 0.989210 
-0.010652 -0.010652 -0.010651 
-0.028999 -0.028998 -0.028998 
0.985828 0.985828 0.985829 
0.973321 0.973321 0.973322 
-0.017811 -0.017811 -0.017810 
-0.010401 -0.010400 -0.010400 
-0.018215 -0.018212 -0.018210 
-0.026690 -0.026687 -0.026685 
0.984236 0.984240 0.984242 
-0.009280 -0.009282 -0.009282 
-0.026902 -0.026904 -0.026905 
0.986531 0.986529 0.986528 
-0.032524 -0.032526 -0.032527 
0.972166 0.972164 0.972163 
-0.015230 -0.015232 -0.015233 
-0.058357 -0.058355 -0.058355 
0.995728 0.995729 0.995730 
-0.015322 -0.015320 -0.015319 
-0.045401 -0.045398 -0.045396 
-0.032874 -0.032871 -0.032870 
0.989067 0.989070 0.989072 
-0.039354 -0.039354 -0.039354 
0.969709 0.969709 0.969709 
-0.021442 -0.021441 -0.021441 
0.916217 0.916219 0.916219 
-0.009607 -0.009606 -0.009605 
-0.001880 -0.001879 -0.001878 
-0.038862 -0.038862 -0.038862 
0.968542 0.968542 0.968542 
-0.014662 -0.014662 -0.014662 
-0.013572 -0.013572 -0.013572 
-0.012471 -0.012471 -0.012471 
0.991816 0.991816 0.991816 
0.002604 0.002602 0.002602 
-0.018314 -0.018316 -0.018317 
0.991403 0.991402 0.991401 
-0.016472 -0.016471 -0.016470 
0.988347 0.988348 0.988349 
-0.006067 -0.006066 -0.006066 
-0.007158 -0.007158 -0.007158 
-0.021415 -0.021415 -0.021415 
0.990898 0.990898 0.990898 
-0.051802 -0.051799 -0.051798 
0.970437 0.970440 0.970441 
-0.005970 -0.005967 -0.005965 
1.004971 1.004969 1.004968 
-0.011163 -0.011165 -0.011166 
-0.005613 -0.005614 -0.005615 
1.008448 1.008448 1.008448 
-0.011618 -0.011618 -0.011618 
-0.008183 -0.008183 -0.008183 
1.009603 1.009607 1.009609 
-0.011477 -0.011473 -0.011471 
-0.008533 -0.008530 -0.008527 
-0.055638 -0.055639 -0.055640 
0.015229 0.015228 0.015227 
1.014521 1.014520 1.014519 
-0.042375 -0.042373 -0.042371 
-0.033380 -0.033378 -0.033376 
0.987011 0.987014 0.987016 
0.988170 0.988171 0.988171 
-0.022367 -0.022367 -0.022367 
229 
Appendices 
t 0.0080 0.0081 0.0082 0.0083 0.0084 0.0085 0.0086 0.0087 0.0088 0.0089 
x69 -0.010534 -0.010534 -0.010534 -0.010535 -0.010535 -0.010535 -0.010535 -0.010534 -0.010534 -0.010534 
x70 -0.035106 -0.035106 -0.035105 -0.035105 -0.035104 -0.035104 -0.035104 -0.035105 -0.035106 -0.035106 
x71 0.678181 0.678181 0.678182 0.678183 0.678184 0.678184 0.678184 0.678182 0.678181 0.678181 
x72 0.001240 0.001240 0.001241 0.001241 0.001242 0.001242 0.001242 0.001241 0.001240 0.001240 
x73 0.002489 0.002490 0.002491 0.002492 0.002493 0.002494 0.002493 0.002491 0.002490 0.002489 
x74 -0.002531 -0.002531 -0.002530 -0.002530 -0.002529 -0.002529 -0.002529 -0.002530 -0.002531 "0.002531 
x75 -0.005025 -0.005025 -0.005023 -0.005022 -0.005021 -0.005020 -0.005021 -0.005023 -0.005024 -0.005025 
x76 -0.027216 -0.027216 -0.027216 -0.027215 -0.027215 -0.027215 -0.027215 -0.027216 -0.027216 -0.027216 
x77 0.625892 0.625892 0.625893 0.625893 0.625894 0.625894 0.625894 0.625893 0.625892 0.625892 
x78 0.010875 0.010875 0.010875 0.010875 0.010876 0.010876 0.010875 0.010875 0.010875 0.010875 
x79 0.457603 0.457603 0.457603 0.457604 0.457604 0.457605 0.457604 0.457604 0.457603 0.457603 
x80 0.007158 0.007158 0.007158 0.007159 0.007159 0.007159 0.007159 0.007159 0.007158 0.007158 
x81 0.471888 0.471888 0.471889 0.471889 0.471890 0.471890 0.471889 0.471889 0.471888 0.471888 
x82 0.031132 0.031132 0.031132 0.031131 0.031131 0.031131 0.031131 0.031131 0.031132 0.031132 
x83 0.070961 0.070961 0.070960 0.070959 0.070958 0.070958 0.070959 0.070960 0.070961 0.070961 
x84 0.003677 0.003676 0.003676 0.003675 0.003675 0.003675 0.003675 0.003676 0.003676 0.003677 
x85 0.007437 0.007437 0.007436 0.007435 0.007434 0.007434 0.007434 0.007436 0.007437 0.007437 
x86 0.001984 0.001983 0.001983 0.001982 0.001982 0.001982 0.001982 0.001983 0.001983 0.001984 
x87 0.003991 0.003991 0.003990 0.003989 0.003988 0.003987 0.003988 0.003989 0.003990 0.003991 
x88 -0.004796 -0.004796 -0.004796 -0.004795 -0.004795 -0.004795 -0.004795 -0.004795 -0.004796 -0.004796 
x89 0.519487 0.519487 0.519488 0.519489 0.519489 0.519490 0.519489 0.519488 0.519487 0.519487 
x90 0.004536 0.004536 0.004536 0.004537 0.004537 0.004537 0.004537 0.004537 0.004536 0.004536 
x91 0.009201 0.009201 0.009202 0.009203 0.009204 0.009204 0.009203 0.009202 0.009202 0.009201 
x92 0.002040 0.002040 0.002041 0.002041 0.002042 0.002042 0.002042 0.002041 0.002041 0.002040 
x93 0.004106 0.004106 0.004107 0.004108 0.004109 0.004109 0.004109 0.004108 0.004107 0.004106 
x94 0.009005 0.009005 0.009005 0.009005 0.009005 0.009005 0.009005 0.009005 0.009005 0.009005 
x95 0.018546 0.018546 0.018546 0.018546 0.018545 0.018545 0.018545 0.018546 0.018546 0.018546 
x96 0.004905 0.004905 0.004905 0.004905 0.004905 0.004905 0.004905 0.004905 0.004905 0.004905 
x97 0.009963 0.009963 0.009963 0.009962 0.009962 0.009962 0.009962 0.009963 0.009963 0.009963 
x98 0.003046 0.003046 0.003046 0.003046 0.003045 0.003045 0.003046 0.003046 0.003046 0.003046 
x99 0.006149 0.006149 0.006149 0.006148 0.006148 0.006148 0.006148 0.006149 0.006149 0.006149 
x100 0.010496 0.010496 0.010496 0.010496 0.010496 0.010495 0.010496 0.010496 0.010496 0.010496 
X101 0.021732 0.021732 0.021732 0.021731 0.021731 0.021731 0.021731 0.021731 0.021732 0.021732 
x102 0.006576 0.006576 0.006576 0.006576 0.006575 0.006575 0.006575 0.006576 0.006576 0.006576 
x103 0.013430 0.013430 0.013429 0.013429 0.013429 0.013429 0.013429 0.013429 0.013430 0.013430 
x104 0.003238 0.003238 0.003237 0.003237 0.003237 0.003237 0.003237 0.003237 0.003238 0.003238 
x105 0.006540 0.006540 0.006540 0.006539 0.006539 0.006539 0.006539 0.006540 0.006540 0.006540 
x106 0.008094 0.008094 0.008094 0.008095 0.008095 0.008095 0.008095 0.008095 0.008094 0.008094 
x107 0.016617 0.016617 0.016617 0.016617 0.016618 0.016618 0.016618 0.016617 0.016617 0.016617 
x108 0.007503 0.007503 0.007503 0.007504 0.007504 0.007504 0.007504 0.007503 0.007503 0.007503 
x109 0.015372 0.015372 0.015372 0.015373 0.015373 0.015373 0.015373 0.015372 0.015372 0.015372 
X110 0.003829 0.003829 0.003829 0.003829 0.003829 0.003829 0.003829 0.003829 0.003829 0.003829 
X111 0.007749 0.007749 0.007749 0.007750 0.007750 0.007750 0.007750 0.007749 0.007749 0.007749 
x112 0.009711 0.009711 0.009711 0.009710 0.009710 0.009710 0.009710 0.009710 0.009711 0.009711 
x113 0.020049 0.020049 0.020049 0.020048 0.020048 0.020048 0.020048 0.020049 0.020049 0.020049 
x114 0.005855 0.005855 0.005855 0.005854 0.005854 0.005854 0.005854 0.005855 0.005855 0.005855 
x115 0.011928 0.011928 0.011928 0.011927 0.011927 0.011927 0.011927 0.011928 0.011928 0.011928 
x116 0.003811 0.003811 0.003811 0.003811 0.003811 0.003811 0.003811 0.003811 0.003811 0.003811 
x117 0.007712 0.007712 0.007712 0.007712 0.007712 0.007712 0.007712 0.007712 0.007712 0.007712 
x118 0.009384 0.009384 0.009384 0.009384 0.009384 0.009384 0.009384 0.009384 0.009384 0.009384 
x119 0.019353 0.019353 0.019352 0.019352 0.019352 0.019352 0.019352 0.019352 0.019352 0.019353 
x120 0.007051 0.007051 0.007051 0.007050 0.007050 0.007050 0.007050 0.007051 0.007051 0.007051 
x121 0.014423 0.014423 0.014422 0.014422 0.014422 0.014422 0.014422 0.014422 0.014423 0.014423 
x122 0.004684 0.004684 0.004684 0.004683 0.004683 0.004683 0.004683 0.004684 0.004684 0.004684 
x123 0.009506 0.009506 0.009505 0.009505 0.009505 0.009505 0.009505 0.009505 0.009505 0.009506 
x124 0.020165 0.020165 0.020167 0.020168 0.020169 0.020170 0.020169 0.020167 0.020166 0.020165 
x125 0.043414 0.043415 0.043418 0.043421 0.043423 0.043424 0.043422 0.043419 0.043416 0.043414 
x126 0.006330 0.006330 0.006332 0.006334 0.006335 0.006335 0.006334 0.006333 0.006331 0.006330 
x127 0.012917 0.012918 0.012921 0.012924 0.012927 0.012928 0.012926 0.012922 0.012919 0.012917 
x128 0.004071 0.004072 0.004073 0.004075 0.004076 0.004077 0.004076 0.004074 0.004072 0.004071 
x129 0.008247 0.008247 0.008250 0.008254 0.008256 0.008257 0.008255 0.008252 0.008248 0.008247 
x130 0.042115 0.042115 0.042112 0.042109 0.042106 0.042106 0.042107 0.042111 0.042114 0.042115 
x131 0.104187 0.104186 0.104180 0.104174 0.104169 0.104168 0.104172 0.104178 0.104184 0.104187 
x132 0.016512 0.016511 0.016508 0.016504 0.016502 0.016501 0.016503 0.016506 0.016510 0.016512 
x133 0.034992 0.034991 0.034985 0.034978 0.034972 0.034971 0.034975 0.034982 0.034988 0.034992 
x134 0.007671 0.007671 0.007667 0.007664 0.007661 0.007660 0.007663 0.007666 0.007669 0.007671 
x135 0.015725 0.015723 0.015717 0.015710 0.015705 0.015703 0.015707 0.015714 0.015721 0.015725 
230 
Appendices 
t 0.0090 0.0091 0.0092 0.0093 0.0094 0.0095 0.0096 0.0097 0.0098 0.0099 0.0100 
X1 -0.022678 -0.022678 -0.022678 -0.022679 -0.022679 -0.022679 -0.022678 -0.022678 -0.022678 -0.022678 -0.022678 
x2 -0.023377 -0.023377 -0.023377 -0.023377 -0.023377 -0.023377 -0.023377 -0.023377 -0.023377 -0.023377 -0.023377 
x3 0.991099 0.991099 0.991099 0.991099 0.991099 0.991099 0.991099 0.991099 0.991099 0.991099 0.991099 
x4 -0.013671 -0.013669 -0.013667 -0.013666 -0.013665 -0.013667 -0.013668 -0.013670 -0.013671 -0.013671 -0.013670 
x5 -0.025989 -0.025988 -0.025986 -0.025984 -0.025984 -0.025985 -0.025987 -0.025989 -0.025990 -0.025989 -0.025988 
x6 0.989210 0.989212 0.989214 0.989216 0.989216 0.989215 0.989213 0.989211 0.989210 0.989210 0.989212 
x7 -0.010651 -0.010652 -0.010652 -0.010653 -0.010653 -0.010652 -0.010652 -0.010652 -0.010651 -0.010651 -0.010652 
x8 -0.028998 -0.028998 -0.028999 -0.028999 -0.028999 -0.028999 -0.028999 -0.028998 -0.028998 -0.028998 -0.028998 
x9 0.985829 0.985828 0.985828 0.985827 0.985827 0.985828 0.985828 0.985828 0.985829 0.985829 0.985828 
X10 0.973321 0.973321 0.973321 0.973321 0.973321 0.973321 0.973321 0.973321 0.973322 0.973321 0.973321 
x11 -0.017811 -0.017811 -0.017811 -0.017811 -0.017811 -0.017811 -0.017811 -0.017811 -0.017810 -0.017811 -0.017811 
x12 -0.010400 -0.010400 -0.010401 -0.010401 -0.010401 -0.010401 -0.010401 -0.010400 -0.010400 -0.010400 -0.010400 
x13 -0.018210 -0.018214 -0.018217 -0.018220 -0.018221 -0.018218 -0.018215 -0.018212 -0.018210 -0.018210 -0.018212 
x14 -0.026685 -0.026689 -0.026693 -0.026696 -0.026696 -0.026694 -0.026690 -0.026687 -0.026685 -0.026685 -0.026688 
x15 0.984241 0.984238 0.984234 0.984231 0.984230 0.984233 0.984236 0.984240 0.984242 0.984241 0.984239 
A6 -0.009282 -0.009281 -0.009279 -0.009278 -0.009277 -0.009278 -0.009280 -0.009282 -0.009283 -0.009282 -0.009281 
x17 -0.026904 -0.026903 -0.026901 -0.026899 -0.026899 -0.026900 -0.026902 -0.026904 -0.026905 -0.026904 -0.026903 
x18 0.986528 0.986530 0.986532 0.986533 0.986534 0.986533 0.986531 0.986529 0.986528 0.986528 0.986530 
X19 -0.032527 -0.032525 -0.032523 -0.032522 -0.032521 -0.032522 -0.032524 -0.032526 -0.032527 -0.032527 -0.032526 
x20 0.972163 0.972165 0.972167 0.972169 0.972169 0.972168 0.972166 0.972164 0.972163 0.972163 0.972165 
x21 -0.015232 -0.015230 -0.015228 -0.015227 -0.015226 -0.015228 -0.015230 -0.015232 -0.015233 -0.015232 -0.015231 
x22 -0.058355 -0.058356 -0.058358 -0.058359 -0.058360 -0.058359 -0.058357 -0.058355 -0.058355 -0.058355 -0.058356 
x23 0.995730 0.995728 0.995727 0.995725 0.995725 0.995726 0.995728 0.995729 0.995730 0.995730 0.995729 
x24 -0.015320 -0.015321 -0.015323 -0.015324 -0.015325 -0.015324 -0.015322 -0.015320 -0.015319 -0.015320 -0.015321 
x25 -0.045397 -0.045399 -0.045402 -0.045405 -0.045405 -0.045403 -0.045401 -0.045398 -0.045396 -0.045397 -0.045399 
x26 -0.032870 -0.032873 -0.032876 -0.032878 -0.032879 -0.032877 -0.032874 -0.032871 -0.032870 -0.032870 -0.032872 
x27 0.989071 0.989069 0.989065 0.989063 0.989062 0.989064 0.989067 0.989070 0.989072 0.989071 0.989069 
x28 -0.039354 -0.039354 -0.039354 -0.039354 -0.039354 -0.039354 -0.039354 -0.039354 -0.039354 -0.039354 -0.039354 
x29 0.969709 0.969709 0.969709 0.969708 0.969708 0.969708 0.969709 0.969709 0.969709 0.969709 0.969709 
x30 -0.021441 -0.021442 -0.021442 -0.021442 -0.021442 -0.021442 -0.021442 -0.021441 -0.021441 -0.021441 -0.021441 
x31 0.916219 0.916218 0.916216 0.916215 0.916215 0.916216 0.916217 0.916219 0.916219 0.916219 0.916218 
x32 -0.009605 -0.009607 -0.009608 -0.009609 -0.009610 -0.009609 -0.009607 -0.009606 -0.009605 -0.009605 -0.009606 
x33 -0.001878 -0.001879 -0.001881 -0.001882 -0.001882 -0.001882 -0.001880 -0.001879 -0.001878 -0.001878 -0.001879 
x34 -0.038862 -0.038862 -0.038861 -0.038861 -0.038861 -0.038861 -0.038862 -0.038862 -0.038862 -0.038862 -0.038862 
x35 0.968542 0.968542 0.968542 0.968543 0.968543 0.968542 0.968542 0.968542 0.968542 0.968542 0.968542 
x36 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 -0.014662 
x37 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 -0.013572 
x38 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 -0.012471 
x39 0.991816 0.991816 0.991816 0.991816 0.991816 0.991816 0.991816 0.991816 0.991816 0.991816 0.991816 
x40 0.002602 0.002603 0.002605 0.002606 0.002606 0.002605 0.002604 0.002602 0.002602 0.002602 0.002603 
x41 -0.018316 -0.018315 -0.018313 -0.018312 -0.018312 -0.018313 -0.018314 -0.018316 -0.018317 -0.018316 -0.018315 
X42 0.991401 0.991402 0.991404 0.991405 0.991406 0.991405 0.991403 0.991402 0.991401 0.991401 0.991402 
x43 -0.016470 -0.016471 -0.016473 -0.016473 -0.016474 -0.016473 -0.016472 -0.016471 -0.016470 -0.016470 -0.016471 
x44 0.988349 0.988348 0.988347 0.988346 0.988345 0.988346 0.988347 0.988348 0.988349 0.988349 0.988348 
x45 -0.006066 -0.006067 -0.006068 -0.006069 -0.006069 -0.006069 -0.006067 -0.006066 -0.006066 -0.006066 -0.006067 
x46 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 -0.007158 
x47 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 -0.021415 
x48 0.990898 0.990898 0.990897 0.990897 0.990897 0.990897 0.990898 0.990898 0.990898 0.990898 0.990898 
x49 -0.051798 -0.051801 -0.051804 -0.051807 -0.051807 -0.051805 -0.051802 -0.051799 -0.051798 -0.051798 -0.051800 
x50 0.970441 0.970438 0.970435 0.970432 0.970431 0.970433 0.970437 0.970440 0.970441 0.970441 0.970439 
x51 -0.005965 -0.005968 -0.005972 -0.005974 -0.005975 -0.005973 -0.005970 -0.005967 -0.005965 -0.005966 -0.005967 
x52 1.004969 1.004970 1.004972 1.004973 1.004973 1.004972 1.004971 1.004969 1.004968 1.004969 1.004970 
x53 -0.011165 -0.011164 -0.011162 -0.011161 -0.011161 -0.011162 -0.011163 -0.011165 -0.011166 -0.011165 -0.011164 
x54 -0.005615 -0.005614 -0.005612 -0.005611 -0.005610 -0.005611 -0.005613 -0.005614 -0.005615 -0.005615 -0.005614 
x55 1.008448 1.008448 1.008448 1.008448 1.008448 1.008448 1.008448 1.008448 1.008448 1.008448 1.008448 
x56 -0.011618 -0.011618 -0.011618 -0.011619 -0.011619 -0.011619 -0.011618 -0.011618 -0.011618 -0.011618 -0.011618 
x57 -0.008183 -0.008183 -0.008183 -0.008183 -0.008183 -0.008183 -0.008183 -0.008183 -0.008183 -0.008183 -0.008183 
x58 1.009608 1.009605 1.009601 1.009598 1.009597 1.009600 1.009603 1.009607 1.009609 1.009608 1.009606 
x59 -0.011472 -0.011475 -0.011479 -0.011483 -0.011483 -0.011481 -0.011477 -0.011473 -0.011471 -0.011472 -0.011474 
x60 -0.008528 -0.008532 -0.008536 -0.008539 -0.008540 -0.008537 -0.008533 -0.008529 -0.008527 -0.008528 -0.008530 
x61 -0.055640 -0.055639 -0.055637 -0.055637 -0.055636 -0.055637 -0.055638 -0.055639 -0.055640 -0.055640 "0.055639 
x62 0.015228 0.015229 0.015230 0.015231 0.015231 0.015230 0.015229 0.015228 0.015227 0.015228 0.015228 
x63 1.014519 1.014520 1.014521 1.014522 1.014523 1.014522 1.014521 1.014520 1.014519 1.014519 1.014520 
x64 -0.042372 -0.042374 -0.042377 -0.042379 -0.042380 "0.042378 -0.042375 -0.042373 -0.042371 -0.042372 -0.042373 
x65 -0.033377 -0.033379 -0.033382 -0.033385 -0.033385 -0.033383 -0.033380 -0.033378 -0.033376 -0.033377 -0.033378 
x66 0.987015 0.987013 0.987010 0.987007 0.987007 0.987008 0.987011 0.987014 0.987016 0.987015 0.987014 
x67 0.988171 0.988170 0.988170 0.988170 0.988170 0.988170 0.988170 0.988171 0.988171 0.988171 0.988170 
x68 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 -0.022367 -0,022367 
Appendices 
t 0.0090 0.0091 0.0092 0.0093 
x69 -0.010534 -0.010534 -0.010535 -0.010535 
x70 -0.035106 -0.035105 -0.035105 -0.035104 
x71 0.678181 0.678182 0.678183 0.678184 
x72 0.001240 0.001241 0.001241 0.001242 
x73 0.002490 0.002491 0.002492 0.002493 
x74 -0.002531 -0.002530 -0.002530 -0.002529 
x75 -0.005025 -0.005023 -0.005022 -0.005021 
x76 -0.027216 -0.027216 -0.027215 -0.027215 
x77 0.625892 0.625893 0.625893 0.625894 
x78 0.010875 0.010875 0.010875 0.010876 
x79 0.457603 0.457603 0.457604 0.457604 
x80 0.007158 0.007158 0.007159 0.007159 
x81 0.471888 0.471889 0.471889 0.471890 
x82 0.031132 0.031132 0.031131 0.031131 
x83 0.070961 0.070960 0.070959 0.070958 
x84 0.003676 0.003676 0.003675 0.003675 
x85 0.007437 0.007436 0.007435 0.007434 
x86 0.001983 0.001983 0.001982 0.001982 
x87 0.003991 0.003990 0.003989 0.003988 
x88 -0.004796 -0.004796 -0.004795 -0.004795 
x89 0.519487 0.519488 0.519489 0.519489 
x90 0.004536 0.004536 0.004537 0.004537 
x91 0.009201 0.009202 0.009203 0.009204 
x92 0.002040 0.002041 0.002041 0.002042 
x93 0.004106 0.004107 0.004108 0.004109 
x94 0.009005 0.009005 0.009005 0.009005 
x95 0.018546 0.018546 0.018546 0.018545 
x96 0.004905 0.004905 0.004905 0.004905 
x97 0.009963 0.009963 0.009962 0.009962 
x98 0.003046 0.003046 0.003046 0.003045 
x99 0.006149 0.006149 0.006148 0.006148 
X100 0.010496 0.010496 0.010496 0.010496 
x101 0.021732 0.021732 0.021731 0.021731 
x102 0.006576 0.006576 0.006576 0.006575 
x103 0.013430 0.013429 0.013429 0.013429 
x104 0.003238 0.003237 0.003237 0.003237 
X105 0.006540 0.006540 0.006539 0.006539 
x106 0.008094 0.008094 0.008095 0.008095 
x107 0.016617 0.016617 0.016618 0.016618 
x108 0.007503 0.007503 0.007504 0.007504 
x109 0.015372 0.015372 0.015373 0.015373 
X110 0.003829 0.003829 0.003829 0.003829 
X111 0.007749 0.007749 0.007750 0.007750 
x112 0.009711 0.009711 0.009710 0.009710 
x113 0.020049 0.020049 0.020048 0.020048 
x114 0.005855 0.005855 0.005854 0.005854 
x115 0.011928 0.011928 0.011927 0.011927 
x116 0.003811 0.003811 0.003811 0.003811 
x117 0.007712 0.007712 0.007712 0.007712 
X118 0.009384 0.009384 0.009384 0.009384 
x119 0.019352 0.019352 0.019352 0.019352 
x120 0.007051 0.007051 0.007050 0.007050 
x121 0.014423 0.014422 0.014422 0.014422 
x122 0.004684 0.004684 0.004683 0.004683 
x123 0.009506 0.009505 0.009505 0.009505 
x124 0.020165 0.020167 0.020168 0.020169 
x125 0.043415 0.043418 0.043421 0.043423 
x126 0.006330 0.006332 0.006334 0.006335 
x127 0.012918 0.012921 0.012924 0.012927 
x128 0.004072 0.004073 0.004075 0.004076 
x129 0.008247 0.008250 0.008254 0.008256 
X130 0.042115 0.042112 0.042109 0.042106 
x131 0.104186 0.104180 0.104174 0.104169 
x132 0.016511 0.016508 0.016504 0.016502 
x133 0.034991 0.034984 0.034977 0.034972 
x134 0.007671 0.007667 0.007664 0.007661 
x135 0.015723 0.015717 0.015710 0.015705 
0.0094 0.0095 0.0096 
-0.010535 -0.010535 -0.010534 
-0.035104 -0.035104 -0.035105 
0.678184 0.678184 0.678182 
0.001242 0.001242 0.001241 
0.002494 0.002493 0.002491 
-0.002529 -0.002529 -0.002530 
-0.005020 -0.005021 -0.005023 
-0.027215 -0.027215 -0.027216 
0.625894 0.625894 0.625893 
0.010876 0.010875 0.010875 
0.457605 0.457604 0.457604 
0.007159 0.007159 0.007159 
0.471890 0.471889 0.471889 
0.031131 0.031131 0.031131 
0.070958 0.070959 0.070960 
0.003675 0.003675 0.003676 
0.007434 0.007434 0.007436 
0.001982 0.001982 0.001983 
0.003987 0.003988 0.003989 
-0.004795 -0.004795 -0.004795 
0.519490 0.519489 0.519488 
0.004537 0.004537 0.004537 
0.009204 0.009203 0.009202 
0.002042 0.002042 0.002041 
0.004109 0.004109 0.004108 
0.009005 0.009005 0.009005 
0.018545 0.018545 0.018546 
0.004905 0.004905 0.004905 
0.009962 0.009962 0.009963 
0.003045 0.003046 0.003046 
0.006148 0.006148 0.006149 
0.010495 0.010496 0.010496 
0.021731 0.021731 0.021731 
0.006575 0.006575 0.006576 
0.013429 0.013429 0.013429 
0.003237 0.003237 0.003237 
0.006539 0.006539 0.006540 
0.008095 0.008095 0.008095 
0.016618 0.016618 0.016617 
0.007504 0.007504 0.007503 
0.015373 0.015373 0.015372 
0.003829 0.003829 0.003829 
0.007750.0.007750 0.007749 
0.009710 0.009710 0.009710 
0.020048 0.020048 0.020049 
0.005854 0.005854 0.005855 
0.011927 0.011927 0.011928 
0.003811 0.003811 0.003811 
0.007712 0.007712 0.007712 
0.009384 0.009384 0.009384 
0.019352 0.019352 0.019352 
0.007050 0.007050 0.007051 
0.014422 0.014422 0.014422 
0.004683 0.004683 0.004684 
0.009505 0.009505 0.009505 
0.020170 0.020169 0.020167 
0.043424 0.043422 0.043419 
0.006335 0.006334 0.006333 
0.012928 0.012926 0.012922 
0.004077 0.004076 0.004074 
0.008257 0.008255 0.008252 
0.042106 0.042108 0.042111 
0.104168 0.104172 0.104178 
0.016501 0.016503 0.016507 
0.034971 0.034975 0.034982 
0.007660 0.007663 0.007666 
0.015703 0.015708 0.015714 
0.0097 0.0098 0.0099 0.0100 
-0.010534 -0.010534 -0.010534 -0.010534 
-0.035106 -0.035106 -0.035106 -0.035105 
0.678181 0.678181 0.678181 0.678182 
0.001240 0.001240 0.001240 0.001241 
0.002490 0.002489 0.002490 0.002490 
-0.002531 -0.002531 -0.002531 -0.002531 
-0.005024 -0.005025 -0.005025 -0.005024 
-0.027216 -0.027216 -0.027216 -0.027216 
0.625892 0.625892 0.625892 0.625893 
0.010875 0.010875 0.010875 0.010875 
0.457603 0.457603 0.457603 0.457603 
0.007158 0.007158 0.007158 0.007158 
0.471888 0.471888 0.471888 0.471888 
0.031132 0.031132 0.031132 0.031132 
0.070961 0.070961 0.070961 0.070961 
0.003676 0.003677 0.003676 0.003676 
0.007437 0.007437 0.007437 0.007436 
0.001983 0.001984 0.001983 0.001983 
0.003990 0.003991 0.003991 0.003990 
-0.004796 -0.004796 -0.004796 -0.004796 
0.519487 0.519487 0.519487 0.519487 
0.004536 0.004536 0.004536 0.004536 
0.009202 0.009201 0.009201 0.009202 
0.002041 0.002040 0.002040 0.002041 
0.004107 0.004106 0.004106 0.004107 
0.009005 0.009005 0.009005 0.009005 
0.018546 0.018546 0.018546 0.018546 
0.004905 0.004905 0.004905 0.004905 
0.009963 0.009963 0.009963 0.009963 
0.003046 0.003046 0.003046 0.003046 
0.006149 0.006149 0.006149 0.006149 
0.010496 0.010496 0.010496 0.010496 
0.021732 0.021732 0.021732 0.021732 
0.006576 0.006576 0.006576 0.006576 
0.013430 0.013430 0.013430 0.013430 
0.003238 0.003238 0.003238 0.003237 
0.006540 0.006540 0.006540 0.006540 
0.008094 0.008094 0.008094 0.008094 
0.016617 0.016617 0.016617 0.016617 
0.007503 0.007503 0.007503 0.007503 
0.015372 0.015372 0.015372 0.015372 
0.003829 0.003829 0.003829 0.003829 
0.007749 0.007749 0.007749 0.007749 
0.009711 0.009711 0.009711 0.009711 
0.020049 0.020049 0.020049 0.020049 
0.005855 0.005855 0.005855 0.005855 
0.011928 0.011928 0.011928 0.011928 
0.003811 0.003811 0.003811 0.003811 
0.007712 0.007712 0.007712 0.007712 
0.009384 0.009384 0.009384 0.009384 
0.019352 0.019353 0.019352 0.019352 
0.007051 0.007051 0.007051 0.007051 
0.014423 0.014423 0.014423 0.014423 
0.004684 0.004684 0.004684 0.004684 
0.009505 0.009506 0.009506 0.009505 
0.020166 0.020165 0.020165 0.020166 
0.043416 0.043414 0.043415 0.043417 
0.006331 0.006330 0.006331 0.006331 
0.012919 0.012917 0.012918 0.012920 
0.004072 0.004071 0.004072 0.004073 
0.008248 0.008247 0.008247 0.008249 
0.042114 0.042115 0.042115 0.042113 
0.104184 0.104187 0.104186 0.104182 
0.016510 0.016512 0.016511 0.016509 
0.034988 0.034992 0.034991 0.034987 
0.007669 0.007671 0.007670 0.007668 
0.015721 0.015725 0.015723 0.015719 
232 
